W&M ScholarWorks
Dissertations, Theses, and Masters Projects

Theses, Dissertations, & Master Projects

2021

Teacher Perceptions Of Self-Efficacy And Instructional Practices
Through Instructional Coaching In Mathematics: An Action
Research Study
Jason Strong
William & Mary - School of Education, jstrongva@gmail.com

Follow this and additional works at: https://scholarworks.wm.edu/etd
Part of the Educational Administration and Supervision Commons

Recommended Citation
Strong, Jason, "Teacher Perceptions Of Self-Efficacy And Instructional Practices Through Instructional
Coaching In Mathematics: An Action Research Study" (2021). Dissertations, Theses, and Masters
Projects. William & Mary. Paper 1638386891.
https://scholarworks.wm.edu/etd/1638386891

This Dissertation is brought to you for free and open access by the Theses, Dissertations, & Master Projects at
W&M ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an
authorized administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu.

TEACHER PERCEPTIONS OF SELF-EFFICACY AND INSTRUCTIONAL PRACTICES
THROUGH INSTRUCTIONAL COACHING IN MATHEMATICS:
AN ACTION RESEARCH STUDY

A Dissertation

Presented to

The Faculty of the School of Education

The College of William and Mary in Virginia

In Partial Fulfillment
Of the Requirements for the Degree
Doctor of Education

By
Jason Strong
August 2021

i

TEACHER PERCEPTIONS OF SELF-EFFICACY AND INSTRUCTIONAL PRACTICES
THROUGH INSTRUCTIONAL COACHING IN MATHEMATICS:
AN ACTION RESEARCH STUDY

By

Jason Strong

Approved July 16, 2021
by

Steven Staples, Ed.D.
Committee Member

Michael F. DiPaola, Ed.D.
Committee Member

Margaret Constantino, Ph.D.
Chairperson of Doctoral Committee

ii

Acknowledgments
Thank you to everyone that provided me a crutch or a shoulder to lean on to make this
study possible during a pandemic. Thank you to the exceptional educators at Rural County
Elementary and Middle that agreed to participate in this work in spite of the many demands
already placed on them throughout a difficult school year. Thanks to the College of William and
Mary team of instructors for their wisdom, accessibility, and steadfast feedback. Thank you to
Dr. Amy Colley, Dr. Sarah Schmidt, Dr. J. Greg Smith, and Dr. David Ferguson for providing
encouragement in many forms throughout this process. And above all, thank you to my loving
family for daily strength, encouragement, and purpose.

iii

Table of Contents
Acknowledgements ........................................................................................................................ iii
List of Tables ............................................................................................................................... viii
List of Figures ................................................................................................................................ ix
Chapter 1: Introduction ....................................................................................................................2
Statement of the Action Research Problem ..............................................................................5
Context of the Action Research Study .......................................................................................5
Information Related to the Organization .............................................................................5
Demographics ..........................................................................................................6
Math Achievement Data ..........................................................................................6
Math Intervention at RCEM ....................................................................................8
Information Related to the Intended Stakeholders ............................................................11
Brief Description of the Action Research Intervention ...........................................................11
Pre-Cycle Workshop .........................................................................................................12
Co-Planning, Modeling, and Co-Teaching .......................................................................12
Reflection and Co-Planning ..............................................................................................13
Theoretical Framework ............................................................................................................13
Conceptual Framework ............................................................................................................14
Action Research Model............................................................................................................14
First Cycle .........................................................................................................................17
Second Cycle ....................................................................................................................17
Trust and Collaboration ........................................................................................18
Teacher Self-Efficacy ...........................................................................................18

iv

Action Research Questions ......................................................................................................19
Definitions of Terms ................................................................................................................20
Chapter 2: Review of Literature ....................................................................................................22
Historical Background of Math Instruction ............................................................................22
A Vision of High-Quality Math Instruction ............................................................................25
Facilitating Meaningful Mathematical Discourse ..............................................................26
Measuring Mathematical Discourse .....................................................................27
Developing Instruction .............................................................................................................28
Pre-Service Teacher Programs ...........................................................................................29
Effective PD .......................................................................................................................30
Instructional Coaching and Teacher Efficacy .......................................................32
Teacher Self-Efficacy and Student Achievement .................................................36
Summary ..................................................................................................................................39
Chapter 3: Methods ........................................................................................................................41
Action Research Questions .....................................................................................................43
Action Research Model............................................................................................................43
Description of the Action Research Cycle .........................................................................44
Role of the Researcher .......................................................................................................45
Participants ...............................................................................................................................46
Data Sources ............................................................................................................................47
Semi-Structured Interviews ...............................................................................................48
Semi-Structured Interview Trustworthiness ..........................................................50
Participant Questionnaire ...................................................................................................53

v

Classroom Observations ....................................................................................................54
Data Collection ........................................................................................................................57
Semi-Structured Interviews ...............................................................................................57
Participant Questionnaire ...................................................................................................58
Classroom Observations ....................................................................................................58
Data Analysis ...........................................................................................................................59
Qualitative Data Coding ....................................................................................................60
Second Cycle Coding .............................................................................................60
Quantitative Data Analysis ................................................................................................61
Assumptions, Delimitations, and Limitations ..........................................................................64
Assumptions.......................................................................................................................64
Delimitations ......................................................................................................................65
Limitations .........................................................................................................................66
Ethical Considerations .............................................................................................................67
Positionality .............................................................................................................................67
Researcher Analytic Memos ..............................................................................................69
Chapter 4: Results ..........................................................................................................................71
Action Research Question 1.....................................................................................................74
Action Research Question 2.....................................................................................................87
Action Research Question 3.....................................................................................................95
Summary of Findings .............................................................................................................100
Chapter 5: Recommendations ......................................................................................................101
Summary of Findings .............................................................................................................101

vi

Implications for Planning, Policy, and Leadership ................................................................110
Summary ................................................................................................................................121
Implications for Future Research ...........................................................................................122
Appendices .........................................................................................................................................
Appendix A: Mathematics Teaching Efficacy Beliefs Instrument (MP-TEBI) ....................124
Appendix B: Commitment to Mathematics Education Reform .............................................126
Appendix C: Reform-Oriented Teacher Observation Protocol (RTOP)................................127
Appendix D: Participant Informed Consent Form .................................................................129
References ....................................................................................................................................130
Vita...............................................................................................................................................144

vii

List of Tables
Table 1. RCEM Fall STAR Math Summary........................................................................ 7
Table 2. Self-Efficacy and Coaching Moves Alignment ................................................... 37
Table 3. RCEM K-2 Staff Descriptions ............................................................................ 47
Table 4. Semi-Structured Interview Prompts Addressing Question 1 .............................. 51
Table 5. Semi-Structured Interview Prompts Addressing Question 2 .............................. 52
Table 6. Semi-Structured Interview Prompts Addressing Question 3 .............................. 53
Table 7. Participant Reflective Questionnaire and Corresponding Research Questions 54
Table 8. Values of Cronbach’s Alpha for Individual RTOP Scales and Subscales ......... 56
Table 9. Evaluation Questions, Data Sources, and Analysis Methods ............................ 64
Table 10. Frequency Count for Interview Examples of Classroom Discourse ................ 88
Table 11. Frequency Count for Questionnaire Examples of Classroom Discourse ........ 92
Table 12. RTOP Classroom Observation Scores for Classroom Culture ........................ 94
Table 13. Highest Subscale Scores for Classroom Culture ............................................. 95
Table 14. Recommendations Related to Action Research Findings............................... 112

viii

List of Figures
Figure 1. Master Schedule at RCEM in Grades K-4 ..........................................................9
Figure 2. Cycles of Action Research Model ....................................................................16

ix

Abstract
Through decades of research and practice, evidence has consistently revealed that math
instruction focused on the development of conceptual understanding through reasoning,
dialogue, revision, and reflection has the greatest long-term impact on success and self-efficacy
in mathematics. Despite these findings, many classrooms continue to employ instructional
approaches that emphasize procedural practice. The purpose of this mixed-methods action
research study was to examine the impact of instructional coaching in mathematics on teacher
self-efficacy and instruction as they relate to the National Council of Teachers of Mathematics
teaching practice of facilitating mathematical discourse. Participants in the study included a
mathematics instructional coach and three teachers in grades K-2 at a rural school division in
northeast Virginia. Through a 6-week collaborative coaching cycle that included co-planning,
curriculum development, co-teaching, and reflection, this study collected qualitative and
quantitative evidence on shifts in mindsets and practices through surveys, interviews, reflective
questionnaires, and classroom observations. Findings suggest that instructional coaching in
mathematics has the potential to grow teacher self-efficacy through a focus on curriculum and
content that includes expert support through modeling and feedback while building pedagogy in
mathematics through an exploration of varied approaches to teaching math concepts.

x

TEACHER PERCEPTIONS OF SELF-EFFICACY AND INSTRUCTIONAL PRACTICES
THROUGH INSTRUCTIONAL COACHING IN MATHEMATICS:
AN ACTION RESEARCH STUDY

CHAPTER 1
INTRODUCTION
Background
Despite years of research and writing supporting standards issued in 1989 by the National
Council of Teachers of Mathematics (NCTM) and their impact on learning (Clements & Sarama,
2007; Flynn, 2016; Zager, 2017), countless classrooms remain stagnant in the same approaches
that emphasize procedure and practice over conceptual understanding. The teacher no longer
directs students from the blackboard with chalk in hand but instead delivers the same rules and
procedures using a Smartboard, Promethean board, or other form of technology. Though the
medium for engaging in mathematical work has changed, the approach largely remains the same.
More than 20 years after NCTM published their standards designed to promote conceptual
understanding and equitable opportunities in mathematics, the Council listed an excessive focus,
“on learning procedures without any connection to meaning, understanding, or the applications
that require these procedures” (NCTM, 2014, p. 3) as one of the primary obstacles for equity and
excellence in mathematics. A vast community of respected experts in math instruction continue
to promote the NCTM standards as a great equalizer. However, an equally vast field of educators
continues to teach in the same procedural style in which they were taught but why?
For many elementary teachers, their anxiety toward teaching math stems from
unfamiliarity with the NCTM standards and best practices supporting mathematical
understanding. The NCTM standards include constructivist approaches to learning that

2

emphasize number talks and manipulatives, affording students opportunities to articulate how
they reach solutions. These reforms in math instruction require that students explain their
mathematical reasoning through interactions and discussions with teachers and peers (Johnson &
VanderSandt, 2011; NCTM, 2014; Stein, 2007). Through this dialogue, also known as
mathematical discourse, students develop their own personal understanding, receive feedback
from others, and revise their computational approaches as they continue to build on previous
experience (Neumann, 2014). Further, students build self-efficacy as mathematicians by reaching
correct solutions through their own unique approaches, as illustrated in this comment from a
teacher regarding her professional development (PD) experience and use of the Developing
Mathematical Ideas approach with students:
I think everybody can think more deeply about it. And I think that kids feel more
powerful and more excited about it when they can come up with their own strategy and
explain how they did their thinking. Rather than just being told, well, here's how you do
it. (Neumann, 2014, p. 14)
This stands in stark contrast to how many teachers learned math, where the teacher
followed a pattern of brief direct instruction followed by guided practice in the form of
worksheets and textbook problems. The anxiety created by unfamiliarity inhibits novice and
experienced teachers’ abilities to teach math in a way that may have reduced their own anxiety
for math had they experienced it as a student, creating a cycle of teachers and learners who are
taught math through procedures rather than observation and understanding. Teachers who lack
self-efficacy in their instruction likely lacked it in their experience as students. Asking them to
shift toward a model of instruction that sharply contrasts their own learned experiences requires a
great deal of time and support.
3

Math anxiety, a state of discomfort that occurs in response to situations involving
mathematical tasks that are perceived as threatening to self-esteem (Trujillo & Hadfield, 1999),
plagues adults and children alike, and can be a self-perpetuating cycle in education when
teachers continue to instruct students in the same manner that created their own anxiety. Studies
have indicated that pre-service elementary teachers have higher levels of math anxiety than any
other undergraduate majors (Cady & Rearden, 2007). In a survey of 69 early childhood preservice teachers, only 9% expressed no fear of teaching mathematics (Bates et al., 2013). If
classrooms are not populated with teachers that possess confidence in their ability to teach math,
then future generations of students will continue to fall prey to the same feelings of math anxiety.
Self-efficacy, an individual's belief in his or her capacity to execute behaviors necessary
to produce specific performance attainments (Bandura, 1993), can play a large role in student
performance (Goddard, 2001). Teachers with high self-efficacy will devote more classroom time
to academic learning, help students with learning difficulties more, and praise them for their
accomplishments (Bandura, 1993; Riggs et al., 2018). Building teacher self-efficacy in
mathematics instruction is not easily achieved for all, as years of discomfort in mathematics
teaching and learning must be overcome in order to engage in the unfamiliar work of conceptual
knowledge building. The first meaningful and perhaps most lasting opportunity to influence
teacher self-efficacy in mathematics is presented in teacher preparation programs (Newton et al.,
2012), but for many teachers that opportunity has long passed. The need to support teachers in
the development of pedagogy reflective of the conceptual understanding laid out by the NCTM
standards remains no less important today than it did 31 years ago when the standards were
published.

4

Statement of the Action Research Problem
This action research study examined the influence of instructional coaching on teacher
perceptions of self-efficacy in mathematics instruction and observed implementation of
instructional practices as they relate to the NCTM mathematics teaching practice of facilitating
meaningful mathematical discourse. Through a 6-week collaborative coaching cycle that
included co-planning, curriculum development, co-teaching, and reflection, this study collected
qualitative and quantitative evidence on shifts in mindsets and practices through interviews,
reflective questionnaires, and classroom observations.
Context of the Action Research Problem
This study of instructional coaching in mathematics at a small rural school in Virginia
provides insight for teachers, coaches, and administrators on how a coaching model focused on
collaboration toward reform-oriented mathematics instruction may build the self-efficacy of
teachers and create a more equitable culture of learning in mathematics that favors conceptual
understanding over rote practice. Rural schools often lack many of the resources afforded
suburban and urban divisions. This study also sheds light on the value of instructional coaching
as an investment in PD for rural schools.
Information Related to the Organization
Rural County Elementary and Middle (RCEM) is located in a rural community in
Virginia. The school district to which it belongs includes approximately 1,250 students, 74% of
whom qualify for free and reduced-price lunch. The school district is comprised of three
facilities: a preschool, a combined elementary and middle school, and a high school. A
renovation project was completed on the elementary school in 2015, formerly a K-5 facility, to
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expand it to a K-7 building. Students are separated into two wings, with the elementary wing
housing Grades K-4 and the middle school wing housing Grades 5-7.
The enrollment at RCEM is approximately 800 students, with 500 in the elementary
school wing and 300 in the middle school wing. The focus of this study was conducted in the
elementary school wing, more specifically in Grades K-2 where teachers are self-contained with
one teacher teaching all subjects with the same group of students all day.
Demographics. The 2018 United States Census listed the population where RCEM is
located at 9,038 residents. Median home values are $163,200, and the median household income
is $47,341, more than $10,000 below the state average. A significant portion of residents are
below the poverty line at 18.4% in comparison to the state average of 11.8%. Educational
attainment is also low in comparison to state averages, with 13.4% of residents earning a
bachelor’s degree or higher in comparison to the state average of 30.9%. Public education is the
second largest employer in the county, outranked only by a state-operated correctional center
(Virginia Employment Commission, 2019). Racial demographics show 30% of the population is
African American, 60% White, 7% Hispanic or Latino, and all other races under 1% (US
Census, 2018). The makeup of the school is generally reflective of the community, with 24% of
the student population African American, 57% White, 13% Hispanic or Latino, and all other
races under 1%.
Math Achievement Data. RCEM administers Virginia Standards of Learning
assessments annually for federal and state accountability in Grades 3-7. The District reports
generally strong pass rates in mathematics, averaging 80% over a 7-year period from 2011-2018
in comparison to the state average of 75%. The average for students with disabilities is an area of
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weakness for RCEM and the state, with pass rates of 41% and 50%, respectively, over a 3-year
average from 2017-2019.
A mixture of assessments has been used over time in Grades K-2, creating an inconsistent
data set for monitoring. More recently, grade level teams have adopted common assessments to
be used from year to year. Kindergarten has moved to full implementation of the Virginia
Kindergarten Readiness Program, which includes mathematics assessments in geometry,
patterning, numeracy, and computation that are administered one-on-one to each student. These
assessments are conducted in the fall and spring. First grade uses a combination of locally
developed assessments in math designed to identify specific areas of focus, including parts of a
whole, composing and decomposing numbers, and making ten. Second grade students are
administered the online STAR Math assessment from Renaissance Learning at the beginning,
middle, and end of each year. Grade 2 data reveal a large percentage of students below the 25th
percentile at the beginning of each school year over a 3-year period. Table 1 provides a summary
of recent student math performance.
Table 1
RCEM Fall STAR Math Summary for Second Grade by Percentile
Year
2017-2018

0-24th
23.1

25th-49th
27.5

50th-74th
29.7

75th-100th
19.8

2018-2019

39.2

25.5

26.5

8.8

2019-2020

33.7

30.2

24.4

11.6

Note. STAR Math is an online assessment from Renaissance Learning. RCEM = Rural County
Elementary and Middle.
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Math Intervention at RCEM. To bring every student up to grade level in reading and
mathematics, RCEM implements the Multiple Tiered System of Supports model for reading and
math. Assessment data identifies instructional priorities, which include three tiers of instruction
and intervention. All students receive Tier I general instruction from general education teachers,
including whole group instruction, independent learning stations, and guided small group math.
General instruction in math occurs in daily blocks of 60-80 minutes depending on the grade
level. Tier II and Tier III evidence-based interventions are implemented in small groups based on
assessment data. Tier II interventions generally involve specially designed small group
instruction by the classroom teacher, and Tier III interventions include small group interventions
and instruction by a reading or math center specialist or paraprofessional.
RCEM also uses 30-minute blocks of time for intervention and enrichment based on
assessment data. What I Need time incorporates math, reading, and English as a Second
Language (ESL) centers that are each staffed with a specialist and paraprofessional. During a
grade level’s What I Need time, K-3 students that receive Tier III interventions report to centers
to receive direct, small-group instruction. Each center can accept up to ten students at a time,
making it possible to provide services for up to 20 students per grade level. Figure 1 shows
where time is allotted to each grade level. Kindergarten, first, and second grades each split their
70-minute blocks into two 35-minute blocks.

8

Figure 1
Master Schedule at RCEM in Grades K-4

Note. RCEM = Rural County Elementary and Middle.
Despite these efforts to close achievement gaps, the percentage of low-performing
students below the 25th percentile has remained relatively unchanged over time. Placement in
the math center should be fluid, with students moving in or out based on needs identified through
assessment. However, for many students, placement in the math center is more permanent than
temporary.
During the 2018-2019 school year, instructional coaching contract services were secured
to incorporate high yield strategies into math planning for Grades K-2. Teachers met once a
month with the contract provider to develop plans and discuss strategies to address student
needs. The contractor would visit a second time in the month to observe, give feedback, or team
teach. The focus of the monthly workshops was on guided math, a small group approach
reflective of the NCTM standards designed to address the needs of students at their level
(Benders & Craft, 2016; Kroesbergen & van Luit, 2002). While these workshops created some
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shift in practice, the small amount of time spent in collaboration limited opportunities for large
scale impact.
Like many schools, RCEM has greater emphasis and support for literacy development in
the primary grades in comparison to math instruction. While the school has included numerous
hours of PD in reading and literacy instruction for the elementary grades over the last 10 years,
including contract services from three different experts over a 6-year period, the amount of time
and resources devoted to math PD was much smaller in comparison.
Due to low student achievement scores on the Virginia Standards of Learning tests in
reading, RCEM spent a short span of time in school improvement, receiving direction, coaching,
and guidance from officials at the Virginia Department of Education. Efforts on improvement
focused heavily on improving reading and literacy instruction to work toward full accreditation.
After years of intensive workshops and changes to planning, instruction, and assessment geared
toward improving student outcomes in literacy, subsequent areas of PD continued to focus
largely on the pillars of reading in elementary grades (phonemic awareness, decoding, fluency,
and reading comprehension) and less on best practices in math instruction. RCEM has been fully
accredited for more than five years but has continued to focus PD efforts on literacy to maintain
progress and close the achievement gap for all students in reading. While these efforts in literacy
continue to prove necessary as evidenced by current achievement data, continuous PD in math
instruction receives less emphasis as a result.
Math intervention for struggling students has been addressed through pull-out services in
the math center where students receive targeted, small-group instruction in areas of weakness.
While such efforts have helped to address areas of deficiency for struggling students, this
compartmentalized approach to instruction does not effect change in core mathematics
10

instruction for all students. If students receive 30 minutes of engagement in conceptual
understanding development through math intervention, it is still possible that classroom math
instruction remains focused on a less efficacious approach of procedure and practice.
Information Related to the Intended Stakeholders
This study took place at RCEM, a rural school in Virginia, and included three teachers, a
math specialist, and the principal of the school, who also acted as researcher as participant.
Although small in enrollment, RCEM includes a diverse collection of students.
Instructional coaching as an embedded, ongoing collaborative process was a new concept
to the teachers at RCEM. To incorporate best practices from the NCTM standards in math
instruction, the RCEM math specialist began transitioning his time and work toward a model of
intervention focused on instructional coaching and collaboration. During the 2019-2020 school
year, eight teachers in Grades K-3 volunteered to participate in coaching cycles with the school
math specialist. The participants met individually with the specialist for pre-cycle meetings to
discuss content, develop a working draft of plans, and schedule co-teaching opportunities.
Through research, learning from their work together, and collaboration with school leadership,
the math specialist refined a model of instructional coaching that served as the centerpiece of this
action research study. Three classroom teachers received instructional coaching support from the
math specialist over a period of 6 weeks. Participants collaborated with the specialist on a review
of mathematical discourse and approaches, data analysis, lesson planning, modeling and
implementation of instruction, and reflection.
Brief Description of the Action Research Intervention
The foci of this action research study were to examine any change in the perceptions of
teachers’ sense of self-efficacy in mathematics instruction and the evidence of reform-oriented
11

implementation in their instruction related to mathematical discourse through classroom
observations. A 6-week coaching cycle was conducted between the math specialist and three
classroom teachers, with participation by the researcher during the co-planning and reflecting
stages, as well as logistical support to arrange meetings, materials, and time. Coaching
participants completed reflective questionnaires at the conclusion of each week of the 6-week
coaching cycle. Semi-structured interviews were also conducted with participants before the
cycle began and after its conclusion.
Pre-Cycle Workshop
One week before the coaching cycle began, the researcher, instructional coach, and
teacher participants engaged in an exploration of the NCTM teaching practice, facilitating
meaningful mathematical discourse. The workshop included defining the concept of
mathematical discourse, viewing examples and non-examples of discourse, reflecting on
personal teaching and learning experiences as they relate to mathematical discourse, and analysis
of curriculum for opportunities to embed mathematical discourse. The purpose of the workshop
was to establish a vision for the value of mathematical discourse and exploration of correlating
strategies that could be implemented in the classroom.
Co-Planning, Modeling, and Co-Teaching
The instructional coach engaged in co-planning sessions with each coaching cycle
participant to incorporate opportunities for mathematical discourse into the teaching of essential
mathematical skills as defined by the Virginia Standards of Learning. Co-planning emphasized
meaningful mathematical discourse in whole group math talks, small group stations (both
independent and teacher led), and lesson closure. Due to student scheduling restraints as the
result of a pandemic, RCEM implemented a week on, week from home model, in which half the
12

student population alternated weeks of learning in person at school and virtually from home.
This arrangement provided a unique opportunity for the math coach to model whole group math
talks at the beginning of a lesson and conceptual closure at the end of the lesson on the first week
of a 2-week rotation, and the classroom teacher to implement those same approaches on the
second week of the rotation.
Reflection and Co-Planning
Every Friday, the instructional coach and participants met to reflect on personal learning,
observations, and student learning outcomes from the previous week. These reflections were
used to make alterations for the second week of the 2-week rotation on odd weeks, and to inform
planning for new instruction in the next 2-week rotation on even weeks. Guided questions on
mathematical discourse were used to guide reflection and conversation, which were semistructured in nature.
Theoretical Framework
Through action research, each of the participants in this study examined changes in
teaching practices and perceptions of self-efficacy in mathematics through the process of PD
through instructional coaching. This work was best situated in the constructivist paradigm, where
meaning and knowledge are created through thoughtful discussion, engagement, and reflection
by all participants (Mertens & Wilson, 2012). This knowledge was built through the hermeneutic
process, where reality is constructed through interactions with the researcher (Ponterotto, 2005).
Bandura’s (1977) sources of self-efficacy, which include mastery experiences, vicarious
experiences, social and verbal persuasion, and a positive emotional state served as a guiding
framework in designing instructional coaching experiences. Research surrounding the theoretical
framework of teacher self-efficacy has shown that individual self-efficacy can have a positive
13

impact on collective efficacy and student learning outcomes (Goddard, 2001; Guskey, 1984;
Tschannen-Moran et al., 1998). Developing self-efficacy through instructional coaching as a
form of PD is not just about making teachers feel good about instruction but can have powerful
implications for student outcomes as well.
Conceptual Framework
Research of published instructional models, including Sweeney and Mausbach’s (2018)
Leading Student-Centered Coaching, were used in developing a school-based model. Sweeney
and Mausbach (2018) draw attention to the importance of developing teacher self-efficacy as a
priority in the coaching relationship, noting that, “When teachers believe that they have the
knowledge and skills to do the job, collaboration becomes more powerful” (p. 107). Sweeney
and Mausbach’s framework reflects the key components from Alfred Knowles’s theory of adult
learning, andragogy, which Knowles (1975) defined as, “the art and science of helping maturing
human beings learn” (p. 87). Both Sweeney and Mausbach’s framework for instructional
coaching and Knowles’ theory of adult learning align with the constructivist paradigm and its
focus on group collaboration to build understanding through dialogue and shared responsibility.
Seven design elements of effective PD from Darling-Hammond et al. (2017) were also
utilized as an evaluative checklist to ensure that the instructional coaching cycle included best
practices for PD identified from research. These seven design elements include a focus on
content, active learning, collaboration, use of models and modeling, coaching and expert support,
feedback and reflection, and sustained duration.
Action Research Model
PD can take a variety of forms in education. From 1-day conferences, to webinars, to
social media collaborations, opportunities for professional growth abound thanks largely to
14

technology and the digital landscape. Increasingly, research recognizes the importance of jobembedded, ongoing, collaborative PD to create lasting change (Althauser, 2015; DarlingHammond et al., 2017; Darling-Hammond & Richardson, 2009). Workshops, seminars, and
conferences isolated to a day or span of days lack the sustained effort necessary to make best
practices a matter of habit rather than experimentation.
Instructional coaching is one form of PD that has emerged in research as a viable option
to support teachers in their pursuit of learning goals for themselves and their students (DarlingHammond & Richardson, 2009; Gibbons & Cobb, 2016; Spelman et al., 2016). While
instructional coaching in mathematics seeks to improve student performance through
incorporation of best practices in instruction, it also benefits teachers by growing self-efficacy in
mathematics instruction and reducing math anxiety (Darling-Hammond & Richardson, 2009;
Wenig, 2016; Zambo & Zambo, 2008).
Instructional coaching has continued to grow in popularity due to its ability to fulfill
some of the key components of high-quality PD, including a focus on content, active learning,
collaboration, modeling, coaching support, feedback and reflection, and sustained duration of
treatment (Darling-Hammond et al., 2017). PD through coaching does not terminate on an end
date but instead represents an ongoing, collaborative, cyclical process that reinvents itself
through every iteration based on the growth of the students, teacher, and coach.
Sweeney and Mausbach’s (2018) Leading Student-Centered Coaching: Building
Principal and Coach Partnerships helps provide a framework and guidance for a collaborative
coaching model. One of the key elements to Student-Centered Coaching is that teachers,
coaches, and principals work together to achieve the goals that a teacher has identified for his/her
students. As Sweeney and Mausbach (2018) point out, coaching is, “an embedded support that
15

helps all teachers meet the goals of the school” (p. 4). The aim of student-centered coaching is
not to correct teachers or fix something that is broken. Rather, it is designed to work
collaboratively toward agreed-upon goals.
Coaching cycles consist of four collaborative stages, including assessment and data
analysis, co-planning, co-teaching, and reflection and revision. Following reflection, this process
restarts through the examination of post-assessment data and other teacher observations. Action
research was well-suited for this study due to its cyclical nature and iterative design. Figure 2
illustrates the “plan, do, study, act” approach inherent to action research used for this study: The
study took place in Year 2 of this model.
Figure 2
Cycles of Action Research Model

Note. NCTM = National Council of Teachers of Mathematics.
16

First Cycle. This action research aligned with the needs of RCEM to address core
instruction for mathematics in all grades and classrooms, not just in the math intervention center
with Tier III students. During instructional coaching in Year 1, the math specialist and coaching
participants experimented with instructional coaching and revised the model with each coaching
cycle. The constructivist paradigm served as the model for this cycle, as the math specialist and
teacher would construct roles, responsibilities, and their intended purpose through research,
dialogue, and experimentation. Through learning from the first cycle of implementation, it was
determined that a greater degree of participation by the administrator, guiding agendas and
planning templates, and consistent meeting schedules would be necessary components to include
to help guarantee fulfillment of the learning intentions of a coaching cycle.
Coaching cycles in Year 1 before this study were largely conducted independently of
each other, with the coach working one-on-one with each teacher over a period. Collaboration
was limited to the coach and each participant. The coach focused his work on providing
resources related to the area of content currently being taught in each classroom, but he
discovered that too much of his time was spent modeling instruction without an opportunity for
implementation by the teacher with coaching feedback. Some of the key takeaways from Year 1
were to find ways to make an instructional coaching cycle more collaborative with added
participants, transition from modeling by the coach to implementation by the teacher and
incorporate best practices in pedagogy as it related to the content being taught.
Second Cycle. This study took place in the second cycle of action research, where a more
defined instructional coaching model was adopted with attention given to changes in perceptions
and practice. As the researcher, I met with each of the study participants and the math specialist
before the 6-week coaching cycle began to discuss the process. Pre-cycle interviews were
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conducted regarding teacher self-efficacy in math instruction. Participants were asked to
complete a reflective questionnaire at the end of every week. Arrangements for follow-up
interviews to discuss perceptions on the impact of the coaching cycle were made. Further
arrangements to observe implementation of key concepts in pedagogy explored during the
coaching cycle were made following interviews. Post-cycle interviews were also conducted
regarding teacher self-efficacy in math instruction. In this way, evidence of implementation in
instruction were assessed through the examination of teacher perceptions and classroom
observations.
Trust and Collaboration. One key component for success in any instructional coaching
model is the development of trust and collegiality between the classroom teacher, coach, and
administrator. Sweeney and Mausbach’s (2018) framework of instructional coaching emphasizes
the necessity of clearly defined roles for each participant so that all parties are clear about
intentions and purpose.
When our role is clear, and we’ve made the choice that these duties are what we would
like to engage in, then morale increases. When the reverse is true, and there is uncertainty
around what is expected of us, our morale plummets. Simply put, we must be able to trust
that we are “on the right seat on the right bus. (Sweeney & Mausbach, 2018, p. 44)
Teacher Efficacy. The purpose of instructional coaching is not to redirect teachers or
forcibly change them but is instead intended to provide the structures and supports to facilitate
their growth in pedagogy. Coaching cycles provide a highly collaborative and engaging approach
to professional growth where each party serves a clearly defined role in the process. Through this
design, each member is valued for his/her professional insight and unique perspective in support
of student learning. The classroom teacher holds as much expertise and voice as the coach and
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administrator and plays an integral role through the implementation of well-planned instruction.
Through shared responsibility, learning, and reflection, coaching should build teachers’ selfefficacy in a collaborative focus on incorporating NCTM teaching practice through co-planning,
observing modeled instruction, and implementation and ownership of reform-oriented
instruction. As Sweeney and Mausbach (2018) point out, teachers are unable to own initiatives if
they are not a part of the process. That ownership is critical to the development of self-efficacy.
Action Research Questions
The primary goal of this intervention was to increase teacher capacity in mathematical
discourse and approaches in mathematics instruction by implementing an instructional coaching
cycle. Teachers that have a higher degree of self-efficacy set higher goals for themselves and
their students and are more firmly committed to those goals (Bandura, 1993; Newton et al., 2012;
Riggs et al., 2018). Through the collaborative process of instructional coaching, the intervention
sought to strengthen teachers in their understanding of reform-based instruction as outlined by
the NCTM standards through co-planning and curriculum development with a math coach that
could be implemented with support through co-teaching, observational feedback, and reflection,
leading toward a more equitable program of learning for all students. It was projected that
collaboration would increase following coaching cycles as teachers develop their comfort in
sharing ideas, observing and being observed, and recognizing the value that a collective effort
has toward achieving student goals.
The purpose of this qualitative and quantitative action research study was to examine the
impact of instructional coaching in mathematics on teacher self-efficacy and on changes in math
instruction about meaningful mathematical discourse. Additional goals included determining the
meaningful components of the instructional coaching model and areas for further revision in
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subsequent action research cycles as identified by participant reflections. The following research
questions guided the work of this study:
1. After participating in a 6-week instructional coaching cycle, how do teacher
participants perceive and describe their levels of self-efficacy in mathematics
instruction related to mathematical discourse?
2. After participating in a 6-week instructional coaching cycle, what evidence is there of
implementation of instructional practices related to mathematical discourse?
a. How do teachers describe changes to their instruction?
b. Are teachers implementing instructional strategies related to mathematical
discourse with fidelity?
3. After participating in a 6-week instructional coaching cycle, how do teacher
participants describe the value of collaboration through instructional coaching?
Definitions of Terms
Coaching cycle – 6-week period where an instructional coach will engage with individuals in at
least one weekly planning session and between one to three co-teaching sessions per
week.
Constructivist paradigm – belief that knowledge is socially constructed by people active in the
research process, and that researchers should attempt to understand the complex world of
lived experience from the point of view of those who live it (Mertens & Wilson, 2012).
Hermeneutic process – meaning is hidden and must be brought to the surface through deep
reflection by research participants (Ponterotto, 2005).
Math anxiety – a state of discomfort that occurs in response to situations involving mathematical
tasks that are perceived as threatening to self-esteem (Trujillo & Hadfield, 1999).
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Mathematical discourse - the way students represent, think, talk, question, agree, and disagree in
the classroom (NCTM, 1991).
New Math - a movement that called for decontextualized and compartmentalized skills- oriented
mathematics instruction and was closely connected to the minimum competency testing
movement used extensively by states in the 1970s and 1980s (Ellis & Berry, 2005).
Response to Intervention (RTI) - multi-tier approach to the early identification and support of
students with learning and behavior needs.
Teacher self-efficacy – a teacher’s belief in his or her ability to organize and complete courses of
action to successfully accomplish a specific teaching task in a particular context
(Tschannen-Moran et al., 1998).
Virginia Kindergarten Readiness Program - an assessment of mathematics and social
relationship skills that is administered to kindergarten students in the fall and spring.
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CHAPTER 2
REVIEW OF RELATED LITERATURE
Historical Background of Math Instruction
In 1788, Nicolas Pike published the first known mathematics textbook in America,
Arithmetic. His book incorporated a process of teaching that included three primary components:
state a rule, give an example, and have students complete a set of practice problems (as cited in
Larson, 2016). Even today, Pike’s process that originated over 200 years ago can be found in
countless math classrooms across the country, where class begins with direct instruction by the
teacher, is followed by guided practice of a handful of problems in consult with the teacher and
concludes with independent practice in the form of classwork or homework.
Warren Colburn’s First lessons in Arithmetic on the Plan of Pestalozzi emerged in 1822
and offered an alternative approach to Pike’s regimented process, instead emphasizing the
necessity for children to construct their own understanding of math concepts by observing the
world around them. Colburn asserted that children should, “be allowed to pursue their own
method first, and they should be made to observe and explain it” (1822, p. vi).
Thus, began a centuries-long debate of math pedagogy that wages on today. On one side,
the teacher leads students through a curriculum that focuses on skills, procedures, rules, and the
memorization of facts. On the opposing side, students develop their own conceptual
understanding of math by making sense of mathematical scenarios with guidance from the
teacher. Since the publication of Pike and Colburn’s textbooks, debate on what kind of math
instruction is best for students has tilted back and forth through pivotal periods of American
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history, including World War II, the race to space against the Soviet Union, and the rise of
standardized testing through the No Child Left Behind Act (NCLB).
Throughout this time, experts on opposing sides have continued to present fresh data and
a revised rationale outlining why their approach was superior. In 1923, Edward Thorndike,
president of the American Psychological Association, published his and his colleague’s work on
Stimulus-Response Bond Theory, claiming that math was a series of habits to be sequenced,
taught explicitly, and practiced repeatedly (Ellis & Berry, 2005). In response, the Progressive
Education Association developed three principles that stood in direct contrast to Thorndike’s
theory, contesting that children should develop naturally, student interest should be the primary
driver for all work, and the teacher’s role should be that of a guide (Ellis & Berry, 2005).
The next wave of debate would crest during the middle of the 20th century due to
national security concerns stemming from soldiers’ lack of skill in computation and problemsolving in World War II (Ellis & Berry, 2005). Perceiving the need to develop a more robust
collection of academics, specifically in the fields of math and science, Congress created the
National Science Foundation in 1950 to promote more rigorous curriculum. This effort gave rise
to a movement in math instruction known as New Math, where students worked with
manipulatives to develop a conceptual understanding and engaged in discovery to deepen
learning. These efforts quickly lost momentum as the National Science Foundation became
impatient following the Soviet Union’s launch of Sputnik in 1957 (Stanic & Kilpatrick, 2003).
Critics of New Math claimed that it was too abstract, ultimately leading to the Back to Basics
movement of the 1970s. This marked a return to textbooks with pages of practice problems and
fact memorization that was more reflective of Pike and Thorndike (Burrill, 2001).
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Throughout generations of debate around what kind of math instruction most benefitted
children and the interests of a thriving American society, two basic questions persisted:
1. Should students learn through procedures and skills or concepts and understanding?
2. Should instruction be teacher-directed with a focus on memorization or studentcentered with a focus on reasoning and discovery? (Jones & Coxford, 1970)
Following years of pendulum swings between these questions, definitive answers remained
elusive.
In an attempt to draw this debate to a conclusion and bring opposing forces together, the
NCTM released Curriculum and Evaluation Standards for School Mathematics in 1989. The
standards outlined in this and other subsequent documents by NCTM called for shifts in
curriculum, instruction, and assessment, all of which focused on moving from procedures and
skill training toward problem-solving and student-driven inquiry. Above all, these standards
highlighted the necessity of improving math instruction for all students by building on the unique
thinking and conceptual understanding of each (Burrill, 2001). The standards are divided into
two categories, content standards and process standards. The content standards include numbers
and operations, algebra, geometry, measurement, and data analysis and probability. The process
standards include problem solving, reasoning and proof, communication, connections, and
representations (NCTM, 2000).
NCTM viewed these standards not simply as a means to fortify the future of the math and
science research community but more importantly as a catalyst for equity. Access to advanced
mathematics courses served as a prerequisite to high-paying jobs in engineering and technology.
Depriving any group of students the privileges that a deep understanding of math included was
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not just a shortcoming in the education system but a violation of a student’s rights to a
prosperous future (Schoenfeld, 2002).
The NCTM standards recognized the value of mathematical practice but situated it firmly
in the context of a collaborative process of mathematical thinking. In a Research Advisory
Committee (1988) review of the NCTM standards, the committee recognized that, “the purpose
of school mathematics is seen not as the communication of decontextualized and abstract skills
and concepts, but rather as the development of a richly textured knowledge base, in which the
knowledge is situated in important intellectual tasks” (p. 342). Although the Research Advisory
Committee pointed out that the standards reflected the writings of math pedagogy experts from
preceding decades, they also noted that the standards signaled a convergence with cognitive
research that, “may represent an important historical moment in mathematics education” (p.
343).
A Vision of High-Quality Math Instruction
Crafting curriculum and programs that incorporate strong math pedagogy emphasizing
conceptual understanding is an important task but falls flat if teachers do not believe in or
commit to the values and practices necessary to carry out the underlying pedagogy of a
curriculum. As discussed by Thames and Ball (2013), “Tinkering with the curriculum only
improves learning if the tinkering increases the chances of lessons getting taught well in
classrooms by teachers” (p. 36). While the quality of curriculum and materials is an important
factor in establishing a vision of high-quality math instruction, it falls secondary to the ability of
the teacher to implement mathematics instruction built around best practices outlined by NCTM.
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To that end, NCTM published Principles to Actions in 2014, which included eight
Mathematics Teaching Practices emphasizing the mindsets and beliefs necessary to carry out the
content and process standards. Those practices include:


Establish mathematics goals to focus learning.



Implement tasks that promote reasoning and problem solving.



Use and connect mathematical representations.



Facilitate meaningful mathematical discourse.



Pose purposeful questions.



Build procedural fluency from conceptual understanding.



Support productive struggle in learning mathematics.



Elicit and use evidence of student thinking.

These practices build on the belief that students build their understanding of mathematics and its
relevance in the world around them through, “personal experiences, coupled with feedback from
peers, teachers and other adults, and themselves” (NCTM, 2014, p. 9). However, the
Mathematics Teaching Practices also recognize the vital importance of teachers designing
experiences that are inclusive of the opportunities necessary for conceptual exploration.
Facilitating Meaningful Mathematical Discourse
A student’s ability to reason and explain his or her thinking serves as a foundational
component of constructivist, reform-based mathematical learning. However, many classrooms
rely almost exclusively on teacher talk as the source of oral reasoning, as indicated in a study by
Hattie (2012) where 89% of class time focused on teacher talk. The NCTM Curriculum and
Evaluation Standards (1989) specified five goals for students, which included that they learn to
reason mathematically by, “making conjecture, gathering evidence, and building an argument,”
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and learn to communicate mathematically by engaging in, “problem solving that involves
students in reading, writing, and talking in the language of mathematics” (p. 6).
Mathematical discourse involves more than just discussion but also includes ways for
students to explain their reasoning, defend their solutions, and provide feedback to peers in
assessing their reasoning (NCTM, 1989). This could include explaining the steps a student took
to reach a solution, sharing observations, indicating agreement or disagreement with a speaker,
or articulating a hypothesis. Students that engage in mathematical discourse can explain their
thinking and articulate the relationships they see in mathematics (Hattie et al., 2017). Through
mathematical discourse, students are able to identify patterns like the repetition of 0s on a 100
chart or the relationship between two variables on a graph by verbalizing their observations.
Mathematical discourse is more than just an opportunity to talk; it requires teachers to
plan lessons that invite students to identify mathematical concepts as teachers, “recognize any ‘aha’ moments students have to facilitate discourse so that students can make connections, describe
patterns, and generalize” (Hattie et al., 2017, p. 137). Instruction that incorporates mathematical
discourse as a key component of learning has shown to develop conceptual understanding,
problem-solving, and reasoning, especially for students with disabilities (Liu & Xin, 2017).
Measuring Mathematical Discourse. Measuring indicators of mathematical discourse
requires focused observation and analysis of conversations and the facilitation designed to elicit
discussion and desired responses. The Reformed Teaching Observation Protocol (RTOP)
developed by the Arizona Collaborative for Excellence in the Preparation of Teachers was built
on the constructivist paradigm and its foundational thought in education developed by Vygotsky
and Piaget. The Arizona Collaborative for Excellence in the Preparation of Teachers was
originally developed to improve preparation for both elementary and secondary math and science
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teachers. The RTOP directly reflects the NCTM principles and standards, listing them as one of
the five primary sources for validity. The RTOP reference manual elaborates on the social nature
of learning mathematics, and that a mathematics learning community should:
be a place where inquiry was conducted. Discourse would be the primary mode by which
participants engaged in negotiations of meaning. Cognitive, social and cultural
differences among participants would be honored and alternative world-views respected.
A high level of rigor, and an accompanying demand for evidence and argument, would be
a hallmark of such a community. Conventions would be established for negotiating
meaning but only as they facilitated the knowledge building priorities already honored
within the community. (Pilburn et al., 2000, p. 3)
The third factor in the observation instrument, Classroom Culture, includes subscales for
communicative interactions and student/teacher relationship, which focus even more specifically
on meaningful mathematical discourse.
Developing Instruction
There are two primary opportunities in the arc of a teacher’s career to support the skills
necessary to conduct this work: during undergraduate work as a pre-service teacher or through
ongoing PD after teaching begins. Undergraduate work has the opportunity to influence the
mindsets and philosophies of aspiring educators before practice begins (Gresham, 2007;
Gresham & Burleigh, 2019; Raymond & Santos, 1995) but lacks extended duration to turn
thinking into practice (Johnson & vanderSandt, 2011) and often fails to properly address best
practices in mathematics instruction (Tatto & Senk, 2011). PD can last an indefinite amount of
time, stretching across several years under the right circumstances and including various
stakeholders in active, ongoing engagement (Buczynski & Hansen, 2010; Neumann, 2014) but
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sometimes encounters resistance when its goals conflict with established notions of teaching and
learning held by veteran teachers. Both present unique challenges and opportunities.
Pre-Service Teacher Programs
The first opportunity to develop strong instruction in mathematics begins in pre-service
teacher programs, where undergraduates assumedly acquire the skills necessary to be successful
classroom teachers. Undergraduate programs are an important opportunity to address selfefficacy beliefs, as once those beliefs are established, they can be somewhat resistant to change
(Tschannen-Moran et al., 1998).
Pre-service elementary teachers often have an especially difficult deficit to overcome, as
they evidence a disproportionate rate of participants with high math anxiety and low
mathematics teaching efficacy (Bates et al., 2013; Wilson, 2013). Kelly and Tomhave (1985)
found that elementary education majors scored higher on a math anxiety rating scale than any of
the other groups tested in the study except those in a math anxious workshop. Bursal and
Paznokas’s (2006) study of pre-service elementary teachers’ math anxiety and confidence levels
found a correlation between high anxiety and low confidence in math instruction. These factors
represent large holes dug beneath new teachers before they enter the classroom.
Just as not all K-12 mathematics classrooms are built on the NCTM content and process
standards, neither are all the methods classes intended to equip new teachers in mathematics
instruction. Furthermore, a crossover from the theoretical foundation laid out in methods courses
is not guaranteed to translate when carried into the realities of the classroom. In a study by Utley
et al. (2005), researchers found that pre-service teachers had an increased sense of self-efficacy
in mathematics instruction following a methods course but a slight decrease following student
teaching. While a strong understanding of math pedagogy is an essential component of
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preparedness as a mathematics instructor, it is the application of those concepts in a real-world
setting that matters most.
A teacher’s strong understanding of mathematical content is not enough to guarantee
strong instruction, as research has suggested teachers with strong content knowledge sometimes,
“failed to capitalize on teachable moments and to adequately explain concepts to students”
(Newton et al., 2012, p. 291). Gresham and Burleigh (2019) found positive change in the
mathematics teachers’ efficacy beliefs of preservice teachers when they participated in course
work emphasizing constructivist experiences that included a variety of strategies by the
instructor to teach and model concepts, opportunities to tutor children in mathematics, and
opportunities to teach their peers. Similar studies have shown that methods courses incorporating
constructivist practices reflective of the NCTM standards that examine student thinking have
reduced negative attitudes toward mathematics and improved teaching efficacy beliefs (Ebby,
2000; Geist, 2010; Gresham, 2010). Just as the NCTM standards emphasize developing
conceptual understanding in concert with procedural fluency, studies have shown that the
greatest impact on teaching practice occurs when pre-service teachers are able to pair their
content and theoretical knowledge directly with their observations and reflections of student
interactions with their instruction (Ebby, 2000; Sherin, 2002).
Effective PD
The goal of preservice teacher programs is to adequately prepare new teachers through a
thorough exploration of content and relevant experiences, but not all programs achieve this.
Furthermore, as best practices in mathematics instruction continue to evolve, it is necessary for
schools to facilitate the professional learning necessary to reflect those practices in every
classroom. PD has taken on several forms and has been conducted in a variety or arenas through
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the growth of collaborative technologies, where traditional workshops have transitioned to
cyberspace through Twitter chats, message boards, and other professional learning groups.
However, research continues to suggest that collaborative, job-embedded PD is still the most
effective in achieving results (Darling-Hammond et al., 2017; Guskey, 1984, 2003).
In his theory of adult learning, also known as andragogy, Knowles (1975) developed four
core concepts of adult learning. These concepts include the idea that adults have a psychological
need to be self-directing, their richest learning resource comes through the analysis of lived
experience, they are ready to learn when recognizing a need for personal growth, and that they
are compelled toward immediate application of their learning. Once teachers recognize a need
for growth through assessment or observation of students and are compelled to take action,
experience and continual reflection are the vehicles of the personal growth necessary to influence
student outcomes.
Darling-Hammond et al. (2017) defined PD as, “structured professional learning that
results in changes to teacher knowledge and practices, and improvements in student learning
outcomes” (p. 2). In their review of 35 studies, they identified seven consistent design elements
of high-quality PD, including:


Focus on content – Focused on teaching strategies within a specific curriculum in the
context of a teacher’s classroom.



Active learning – Engages teachers in design and implementation of teaching
strategies in the context of their own classrooms.



Collaboration – Opportunities to share ideas and collaborate in job-embedded setting,
helping create communities of change within their school.
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Use of models and modeling – Provides a clear example of what effective teaching
looks like through lesson study, classroom observation, or other means.



Coaching and expert support – Expert develops teacher’s content knowledge and
pedagogy in ways focused on a teacher’s needs.



Feedback and reflection – Teachers are provided the time to think about, receive input
on, and modify their instruction



Sustained duration – Adequate time is provided to learn, practice, implement, and
reflect.

The reality of PD for many stands in contrast of these design elements, as most PD is of a
short duration of less than eight hours on a topic (Wei et al., 2010) and does not provide
sufficient opportunity to implement learning from PD in the classroom (Dash et al., 2012).
Darling-Hammond et al. (2017) proposed that effective PD should move, “away from
traditionally generic learning models and lecture based toward models that engage teachers
directly in the practices they are learning and, preferably, are connected to teachers’ classrooms
and students” (p. 7).
Instructional Coaching and Teacher Efficacy. Creating a professional learning
experience that is sustained and job embedded requires more than just a set of daily tasks. It
requires someone to provide coordination, leadership, content expertise, and collaborative
structures for professional learning. As illustrated by the seven design elements of effective PD
(Darling-Hammond et al., 2017), high quality professional learning is highly collaborative and
active, and includes someone to provide guidance, content expertise, support, and facilitation for
reflection, all of which can be satisfied in a well-designed coaching model. Teachers that are
supported by an expert instructional coach are more likely to implement targeted teaching
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practices than teachers participating in PD that does not include a coach (Showers & Joyce,
1996). An effective coach must possess knowledge of ambitious mathematical instruction and
knowledge of a teacher’s comfort level in implementing those strategies (Gibbons & Cobb,
2016).
Further evidence from research has shown statistically significant effects on student
achievement in mathematics and teacher efficacy when instructional coaches are used over an
extended duration of time (Campbell & Malkus, 2011; Martin et al., 2019) while engaging in
work focused on specific skills and approaches (Shidler, 2009). The most effective instructional
coaching does not focus on theory and practices alone but includes the necessary supports for
implementation in authentic settings including the same challenges a teacher encounters in the
classroom every day (Spelman et al., 2016).
One key component of instructional coaching is providing the support necessary for
participants to persevere through new approaches they might otherwise find too challenging on
their own. According to Bandura (1977), “People fear and tend to avoid threatening situations
they believe exceed their coping skills” (p. 194). When exploring new content or instructional
approaches, teachers benefit from collaborative support that develops their self-efficacy through
modeling, dialogue, and feedback as they learn through trial and error with the emotional support
of a coach. Developing teacher efficacy is essential to creating lasting change in instruction, as,
“Those who have a strong belief in their capabilities exert greater effort when they fail to master
the challenge. Strong perseverance usually pays off in performance accomplishments” (Bandura,
1993, p. 131).
Expert instructional coaches are able to model teaching approaches for PD participants by
sharing lessons and strategies or modeling instruction in the classroom with students, all of
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which, “help teachers to have a vision of practice on which to anchor their own learning and
growth” (Darling-Hammond et al., 2017, p. 11). This is reflective of what Bandura (1997) refers
to as vicarious experience, where teachers are able to observe someone implementing proven
strategies before attempting themselves as a necessary element for building self-efficacy. Job
embedded coaches can also support the implementation of new instructional approaches by
developing content knowledge through discussion, workshops, or co-planning (Polly et al., 2015)
and providing direct one-on-one support in the classroom (Campbell & Malkus, 2011; Spelman
et al., 2016).
Gibbons and Cobb (2016) identified co-teaching, modeling, and debriefing the challenges
of implementation as productive one-on-one coaching activities. Similarly, Shidler (2009) found
that instructing for specific content, modeling techniques and instructional practices, observing
teacher practices, and consulting for reflection to be highly productive coaching activities. The
greatest change in practice occurs when teachers are able to apply new content knowledge
through the active engagement and presence of a mentor or coach that is able to provide
feedback, guidance, and emotional support (Hansen, 2016; Knight, 2007; Sweeney & Mausbach,
2018).
Sweeney and Mausbach’s (2018) Leading Student-Centered Coaching presents a
framework for content specific instructional coaching that focuses on clearly defining the roles
of the school leader and the coach in an effort to establish clarity or purpose and responsibilities
through an instructional coaching PD model. According to their model, an effective school
leader should:


Understand the philosophy and methods for student-centered coaching.



Develop systems for professional learning and coaching.
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Clearly define the coach’s role.



Create a culture of learning.



Set expectations for authentic participation in coaching.



Understand pedagogy and curricular content.



Separate coaching from supervision.



Support the coach to develop as a practitioner.

Effective coaches should:


Understand and implement the core practices for student-centered coaching.



Design systems and structures to engage teachers in coaching cycles.



Understand effective instruction and help teachers implement it.



Build trusting and respectful relationships with teachers.



Provide skilled facilitation during collaboration and professional learning.



Maintain a learning stance.



Engage in reflective dialogue with teachers.

Sweeney and Mausbach (2018) also outline seven core practices for student-centered
coaching, which are:


Organizing coaching through cycles.



Setting standards-based goals.



Setting learning targets.



Using student evidence to co-plan instruction.



Co-teaching with a focus on effective instructional practices.



Measuring the impact of coaching on student and teacher learning.
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Partnering with the school leader.

Teacher Self-Efficacy and Student Achievement. One goal of PD is to build the selfefficacy of participating teachers. The processes of lesson development, modeling, co-teaching,
and reflection enable teachers to grow their capacity for implementation of new strategies
through the collaborative support of an instructional coach (Knight, 2007; Sweeney &
Mausbach, 2018; Shidler, 2009). Tschannen-Moran et al. (1998) found teachers who observed
experts as they modeled a practice before implementing and mastering that practice themselves
as one of the most powerful ways of building self-efficacy. In another study by TschannenMoran et al. (2009), professional learning that combined mastery experiences with coaching
feedback and support was shown to have the greatest impact on teacher efficacy. Teachers with
high degrees of self-efficacy are more likely to employ student-centered, inquiry-based teaching
practices that build conceptual understanding (Hoy et al., 2006), while teachers with lower selfefficacy rely more heavily on low yield practices such as lecture and punitive measures that force
students to complete tasks (Bandura, 1993). Gibson and Dembo (1984) found that teachers with
high self-efficacy were more likely to divide students into small groups for differentiated
instruction, while teachers with lower self-efficacy were more likely to lecture in whole group.
Effective instructional coaching must be aligned with practices proven to develop teacher
self-efficacy. Table 2 illustrates alignment developed by Sweeney and Mausbach (2018) between
coaching activities with the four major sources from research known to contribute to selfefficacy as articulated by Bandura (1997): mastery experiences, vicarious experiences, social and
verbal persuasion, and a positive emotional state.
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Table 2
Self-Efficacy and Coaching Moves Alignment
Source
Mastery Experiences

Student-Centered Coaching Moves
Setting goals for coaching cycles
Measuring the impact of coaching
Co-teaching lessons
Providing strengths-based feedback
Vicarious Experiences
Using learning targets
Micro modeling
Thinking about instructional decision making
Participating in student-centered learning labs
Social and Verbal Persuasion
Providing strengths-based feedback
Sorting student work
Listening
Asking open-ended questions
Positive Emotional State
Getting ready for coaching in the classroom or setting
norms with teachers before coaching
Noticing and naming
Celebrating student growth
Note. Adapted from Leading Student-Centered Coaching: Building Principal and Coach
Partnerships by D. Sweeney and A. Mausbach, 2018, p. 61. Copyright 2018 by Corwin.

Collective Efficacy. Research has also found a positive relationship between teacher
efficacy and student achievement (Gulistan et al., 2017; Tschannen-Moran et al., 1998). In a
study of 47 elementary schools, Goddard et al. (2000) found a significant positive correlation
between collective teacher efficacy and student achievement, with gains of 8.62 and 8.49 points
in math and reading achievement data, respectively, for every unit gain in teacher efficacy.
A subsequent study by Goddard (2001) of 47 elementary schools found a positive
correlation between collective efficacy, what Bandura (1997) referred to as the performance
capability of a social system, and student achievement. In this study, mastery experience was
found to have a strong correlation with collective teacher efficacy, accounting for two thirds of
the variance between schools. Goddard (2001) also found that collective efficacy was,
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“significantly and positively related to differences between schools in student achievement, even
when school means were adjusted for students' prior achievement and demographic
characteristics” (p. 474).
Goddard (2001) recognized that a school organization can build collective efficacy in
different ways, including mastery experience in exercising collective agency as a faculty by
setting and achieving school improvement goals. Strong leadership can also build collective
efficacy, whether through a formal leader like a principal, or through an informal leader like a
respected teacher or instructional coach. Goddard et al. (2015) found that schools with a high
degree of teacher collaboration supported by school leadership experienced greater levels of
collective efficacy. Whatever approaches used, anything that benefits the self-efficacy of
teachers, benefits student learning. As Goddard (2001) concluded, “Teachers' sense of efficacy
exerts significant influence on student achievement by promoting teacher behaviors that enhance
learning” (p. 468).
Improvements in student learning outcomes, which include more measures of success
that extend beyond student assessment data, such as involvement in class, motivation for
learning, and cooperation with peers, are shown to positively influence teacher self-efficacy
(Goddard, 2001; Guskey, 1984; Tschannen-Moran et al., 1998). As increases in teacher selfefficacy and student learning outcomes continue to positively influence each other, there is no
telling where the gains will end if efforts to promote teacher self-efficacy are continuous.
Through sustained, job embedded PD that incorporates dimensions of high quality design
outlined by Darling-Hammond et al. (2017) and provides opportunity to experience Bandura’s
(1977) four sources of self-efficacy, teachers have the ability to engage in continual cycles of
self-efficacy growth fueled by PD and evidence of student learning outcomes. The greatest
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opportunities for change in teaching approaches occurs when teachers are actively engaged in the
implementation process and supported through coaching and mentorship (Althauser, 2015;
Guskey, 1984, 2003).
Summary
More than 30 years after NCTM published their standards to reorient the mathematics
teaching and learning community to practices proven to deepen learning for all students, much of
the education system remains stuck in the same patterns of lecture and practice that dominated
classrooms following the Back-to-Basics movement (Burrill, 2001; Ellis & Berry, 2005). In their
2000 text, Principles and Standards for School Mathematics, NCTM outlined six principles for
school mathematics. Of these principles, equity stands at the top of the list, and is built on the
belief that all students can learn mathematics when they have access to high-quality mathematics
instruction. A deep understanding of mathematics provides a greater degree of opportunity in an
ever-changing world.
One key component of high-quality math instruction rests in a teacher’s belief that he/she
can influence student learning outcomes. Research has shown that teachers with higher rates of
self-efficacy are able to get better learning outcomes from their students (Goddard, 2001;
Goddard et al., 2000; Gulistan et al., 2017; Tschannen-Moran et al., 1998). One way to build
teacher self-efficacy is through sustained, job-embedded PD that develops teachers’
understanding and implementation of best practices in the context of their own classrooms
(Darling-Hammond et al., 2017; Guskey, 1984, 2003). Instructional coaching is one form of PD
that has the potential to meet many of the criteria for effective PD (Hansen, 2016; Knight, 2007;
Sweeney & Mausbach, 2018).
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This action research study examined the impact of one 6-week coaching cycle on teacher
perceptions of self-efficacy in mathematics instruction, as well as teacher perceptions and
observed changes to instruction as they relate to the specific NCTM teaching practice of
facilitating mathematical discourse.
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CHAPTER 3
METHODS
This action research study was conducted among three participating teachers in
kindergarten through second grades over the course of a 6-week instructional coaching cycle in
mathematics. The study examined the impact of instructional coaching on teachers’ perceptions
of self-efficacy in mathematics instruction, their instructional practices, and the value of
collaboration through instructional coaching. This study examined implementation of instruction
specifically in relation to the NCTM teaching practice of facilitating meaningful mathematical
discourse as evidenced by classroom observations and teacher reflections. This chapter will
discuss the rationale for selecting action research to guide this study, the role of the researcher,
methods of data collection and analysis, limitations and delimitations, and ethical considerations.
The constructivist paradigm served as the methodological framework for this mixedmethods study (Mertens & Wilson, 2012). As the principal of the school where this study was
conducted, I was positioned as a researcher-participant. Data were collected before, during, and
after a 6-week instructional coaching cycle through interviews, questionnaires, group reflection,
and classroom observations. I addressed my biases and values as the site administrator through
the consistent application of data collection instruments. Instructional coaching was studied over
the course of a 6-week coaching cycle involving one teacher each in kindergarten, first grade,
and second grade. Necessary arrangements were made to facilitate the collaborative structures of
instructional coaching and allow time for data collection before, during, and after participation.
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This study utilized the action research process to further evolve instructional support
through collaboration and coaching as already established at RCEM. Action research recognizes
that a program or initiative is not a perfect product on first iteration and provides the framework
for educators to study their own methods, students, and assessment to revise educational
programs for efficiency and purpose (Mertler, 2017). These tenants of action research enabled
the researcher to explore theories on the potential impact of instructional coaching in
mathematics as they relate to rural educators. Specifically, does collaboration through
instructional coaching change teacher perceptions of self-efficacy and their instructional
practices? Moreover, can evidence of practices discussed through a coaching cycle be observed
in classroom observations after a coaching cycle is completed?
Action research is a powerful form of professional learning in its ability to incorporate
participants in cyclical implementation, collaboration, and reflection leading to improvements in
educational practice (Parsons & Brown, 2002). Over the course of the 6-week instructional
coaching cycle, feedback can be used to make course corrections and adaptations throughout this
collaborative work. Careful documentation of conversations and observations will provide the
tools for redesign for subsequent coaching cycles to improve communication and build on
previous success. Although this study only examined the impact of one 6-week cycle, it
represents one snapshot of a continually evolving model of action research through instructional
coaching at one school.
Through analysis of student assessment data, discussion about NCTM standards and
teaching practices and how they relate to the Virginia Standards of Learning, co-planning, coteaching, and reflection, the coach and teachers utilized instructional coaching to explore the
relevancy of the NCTM standards in their own classroom instruction. The collaborative design of
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action research pairs logically with instructional coaching in its reliance on inquiry, design, and
reflection to continually reiterate improved models of implementation.
Action Research Questions
The purpose of this qualitative and quantitative action research study was to examine the
impact of instructional coaching in mathematics on teacher self-efficacy and evidence of
implementation in math instruction related to facilitating meaningful mathematical discourse.
Additional goals included determining the meaningful components of the instructional coaching
model and areas for further revision in subsequent action research cycles as identified by
participant reflections. The following research questions guided the work of this study:
1. After participating in a 6-week instructional coaching cycle, how do K-2 teacher
participants perceive and describe their levels of self-efficacy in mathematics
instruction related to mathematical discourse?
2. After participating in a 6-week instructional coaching cycle, what evidence is there of
implementation of instructional practices related to mathematical discourse?
a. How do teachers describe changes to their instruction?
b. Are teachers implementing instructional strategies related to mathematical
discourse with fidelity?
3. After participating in a 6-week instructional coaching cycle, how do teacher
participants describe the value of collaboration through instructional coaching?
Action Research Model
This action research study utilized the “planning, acting, developing, reflecting” model
(Mertler, 2017, p. 27) through a 6-week coaching cycle involving three teachers in Grades K-2 at
a rural school. The instructional coach planned instruction with each teacher with a focus on the
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NCTM teaching practice of facilitating meaningful mathematical discourse, implemented those
plans through modeling and co-teaching, studied qualitative and quantitative data reflecting
student understanding, and reflected on what changes might be necessary in subsequent work.
The instructional coach and I collaborated on planning the logistical organization of the
instructional coaching cycle and the structures to support it, implemented those structures,
studied the feedback from coaching cycle members, and reflected on those results in reiterating
future coaching cycles.
Description of the Action Research Cycle
Several researchers have shown that the most effective PD proven to change teaching
practices and improve student performance is collaborative, sustained, and job-embedded
(Althauser, 2015; Darling-Hammond et al., 2017; Guskey, 1984; Shidler, 2009). Instructional
coaching can fulfill each of these requirements for high quality PD if the appropriate structures
are established, including time for collaboration, implementation, and reflection. Establishing a
culture of collaboration and learning through instructional coaching is not an overnight process
but requires continual adaptation as, “the positive effect on student achievement develops over
time as a knowledgeable elementary mathematics specialist and the instructional and
administrative staffs in an assigned school learn and work together” (Campbell, 2012, p. 155).
Through a 6-week coaching cycle, the coach-teacher relationship will continue to evolve and
improve, provided that open communication, collaboration, and reflection serve as the
foundations of interaction.
Instructional coaching represents a significant investment in professional learning,
especially in rural school divisions where there is limited funding for support staff not directly
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assigned to students and supervision. This study critically examined the value of instructional
coaching through teacher perceptions and classroom observations.
Role of the Researcher
As the administrator of the school where this study took place, I was positioned as both
researcher and participant in the study. My role as the researcher included facilitator, participant,
and practitioner. As the principal of the building, I facilitated the time necessary to conduct
coaching meetings outside of standard planning time and the materials needed to implement new
mathematics instruction approaches. As a participant, I engaged with teachers in discussions
about the processes and outcomes in relation to their work with the instructional coach. I also
participated through classroom observations of math instruction. Effective instructional coaching
is not a one-to-one relationship between the teacher and coach but also includes the administrator
as an agent that establishes the vision of the school, provides direction for instructional
programming, and conducts observations for supervision, feedback, and evaluation (Sweeney &
Mausbach, 2018). For this study, I removed the evaluative aspects of observation to help
establish trust and support the sometimes-messy nature of action research. Observations,
reflective questionnaires, and interviews were used for data collection purposes, and were not
included in teacher evaluations.
As an observational study, I acted as a “participant as observer,” serving a meaningful
role in the collaborative process of instructional coaching while collecting data from participants
(Mertler, 2017). As an observer, I kept analytical memos to track the behaviors and interactions
of participants, while also monitoring my own positionality and biases. I attempted to control my
biases by continually recognizing opportunities to reiterate my role in the instructional coaching
relationship through work with the coach and participant. Interviews were conducted
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individually to elicit the most candid responses possible. Classroom observations were conducted
with another trained rater and followed the same protocols and forms between participants with
opportunities to member check observational data through feedback meetings.
Participants
The participants in this study included three teachers in Grades K-2 at RCEM. One
teacher from each grade was selected through a voluntary process. The researcher and
instructional coach introduced the general theme for the coaching cycle, “NCTM Teaching
Practices – Facilitating Meaningful Mathematical Discourse” and asked for one volunteer in each
grade level to participate in a 6-week coaching cycle.
The instructional coach was a teacher with 15 years of experience, all of which were
spent at RCEM. He initially served as an elementary school classroom teacher and transitioned
seven years prior to this study to the role of math intervention specialist. During the 19-20 school
year, a portion of his work transitioned from math intervention services for students to math
instructional support and coaching for teachers.
I had served as the school’s principal for 5 years at the time of this study, previously
serving four years as a high school assistant principal and eight years as a middle school English
teacher. The principal opened RCEM in its first year as a combined K-7 elementary and middle
school in the fall of 2015.
The pool of coaching participant candidates was comprised of five teachers per grade
level, for a total of 15 teachers. One volunteer was selected from each grade level for
participation in this study for a coaching cycle of three participants. Levels of experience among
the potential participants ranged from 0–35 years. The average number of years of experience for
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teachers in K-2 was 12.5 years. Table 3 outlines the grade level, years of experience, and
educational attainment for each staff member in Grades K-2 for the 2020-2021 school year.
Table 3
RCEM K-2 Staff Descriptions
Member

Grade Level

Total Experience

K1
0
12
K2
0
20
K3
0
7
K4
0
0
K5
0
10
F1
1
6
F2
1
17
F3
1
35
F4
1
9
F5
1
10
S1
2
4
S2
2
11
S3
2
1
S4
2
19
S5
2
26
Note. RCEM = Rural County Elementary and Middle.

Experience at
RCEM
5
15
7
0
9
2
1
32
5
5
4
11
1
5
6

Degree
M.Ed.
M.Ed.
M.Ed.
B.S.
B.S.
B.S.
M.Ed.
B.S.
M.Ed.
B.S.
B.S.
B.S.
B.S.
M.Ed.
M.Ed.

Data Sources
This study utilized qualitative and quantitative data sources in the form of pre and post
semi-structured interviews, participant reflective questionnaires, classroom observations, and
field notes. Research in the constructivist paradigm builds meaning through the ideas, dialogue,
and observations of the participants. Qualitative data allow the researcher to construct knowledge
and analyze the experience of participants without the constraints of specific descriptions of
participant perceptions and the numerical selections associated with them. This approach, where
the researcher attempts to understand a phenomenon through observation (Mertler, 2017),
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enables the researcher to explore a variety of elements within a study as they organically
manifest throughout the action research process.
Data were collected over the course of the coaching cycle, including semi-structured
interviews administered before and after the coaching cycle, participant reflective questionnaires
at the end of each week during the coaching cycle, researcher field notes, and classroom
observations during and after the coaching cycle. The resulting data sets created a narrative
portrait of the evolution of teacher perceptions and implementation of math instruction through
the collaborative coaching relationship, reflection, and observations. Qualitative data were
favored in this study as they provided a rich and authentic picture of teachers’ lived experiences
as they participated in the instructional coaching cycle.
A qualitative case study approach helped create a narrative of the impact of instructional
coaching at a rural school through a variety of approaches and perspectives.
Semi-Structured Interviews
Qualitative interviews can yield an expansive data set through the depth of responses and
opportunities for dialogue to move in directions that are not, “constrained by pre-determined
scales or instruments” (Creswell & Creswell, 2018, p. 181). However, the questions serving as
the foundation of the interview process should be assembled with attention to their validity and
reliability. One-on-one interviews following coaching cycles were conducted using questions
developed by the researcher and instructional coach through research of quantitative survey
instruments and the language they use, instructional coaching rubrics, and other published
materials related to instructional coaching practices. Participants were prompted with the same
set of questions with opportunities to expand on their answers in whatever direction they choose.
Through this semi-structured approach, consistency of data were supported by using pre-selected
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questions and the quality and diversity of responses were supported through un-timed, nondirected responses.
Three of the primary sources utilized in developing the semi-structured interview
questions included the Mathematical Practices‐Teaching Efficacy and Expectancy Beliefs
Instrument (Riggs et al., 2018); the Elementary Teacher’s Commitment to Mathematics
Education Reform (Ross et al., 2003); NCTM’s (2014) Principles to Action; and DarlingHammond et al. (2017) seven design elements of effective PD.
The Mathematical Practices‐Teaching Efficacy and Expectancy Beliefs Instrument (MP‐
TEBI) is a modification of the Science Teaching Efficacy Beliefs Instrument originally
developed by Riggs and Enochs (1990) and seeks to measure the self-efficacy of teachers as
related to mathematics instruction. The MP-TEBI is a 32-item Likert-scale questionnaire made
up of two subscales, including personal mathematics teaching efficacy and mathematics teaching
outcome expectancy. A study including 324 pre-service math teachers examined the validity the
MP-TEBI. Reliability analysis produced a Cronbach’s alpha coefficient of internal consistency
of 0.88 for the personal mathematics teaching efficacy scale and an alpha coefficient of 0.77 for
the mathematics teaching outcome expectancy scale. This survey was used in the development of
questions pertaining to teacher self-efficacy in mathematics instruction. The original survey
instrument can be found in Appendix A.
The initial blueprint for the Elementary Teacher’s Commitment to Mathematics
Education Reform (Ross et al., 2003) was developed through a review of key NCTM documents
and 154 empirical studies conducted from 1993 to 2000. This blueprint included nine dimensions
of Elementary Mathematics Reform, including program scope, student tasks, discovery, teacher’s
role, manipulatives and tools, student-student interaction, student assessment, teacher’s
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conceptions of math as a discipline, and student confidence. The original draft contained 69
Likert items on a 6-point response scale from (6) strongly agree to (1) strongly disagree. Face
validity conducted by a panel of elementary mathematics specialists narrowed the list of
questions to 35. This draft was administered to 80 primary teachers and the 20 questions with the
highest degree of internal consistency were selected. Two tests of reliability were conducted on
the instrument. The first test included 517 teachers in Grades K-8 in a single district which
produced a Cronbach’s alpha of .81 with a mean rating of 4.48 and a standard deviation of .53.
The second test included 2,170 K-8 teachers in a different district and yielded a Cronbach’s
alpha of .81 with a mean of 4.64 and a standard deviation of .20. Questions from the Elementary
Teacher’s Commitment to Mathematics Education Reform survey were considered in developing
semi-structured interview questions focused on reform-based teaching practices as related to the
NCTM standards and teaching practices. The original survey instrument can be found in
Appendix B.
Semi-Structured Interview Trustworthiness. A review was conducted of various
survey instruments, coaching models, and studies centered on teacher self-efficacy and reformed
base teaching in mathematics. Primary sources of analysis include the Elementary Teacher’s
Commitment to Mathematics Education Reform (Ross et al., 2003); Sweeney and Mausbach’s
Leading Student-Centered Coaching (2018); Darling-Hammond et al. (2017) Effective Teacher
Professional Development; Riggs et al. (2018) Mathematics Teaching Efficacy Beliefs
Instrument; and NCTM’s (2014) Principles to Action.
The proposed interview protocol was reviewed by a panel of three experts in mathematics
instruction, specifically in the areas of NCTM pedagogy and coaching models. These experts
were asked to review the protocol for content and alignment with the concepts measured in the
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quantitative instruments. Questions from the Riggs et al. (2018) MP-TEBI were considered in
the development of semi-structured interview questions to collect qualitative response data on
teacher self-efficacy through open-ended answers. Using this mathematics instruction efficacy
instrument in a qualitative format helped create a rich description of teacher perceptions of selfefficacy. Special emphasis was given to questions centered around incorporation of mathematical
discourse in instruction. Tables 4 includes the prompts addressing question one.
Table 4
Semi-Structured Interview Prompts Addressing Question 1
Interview Prompt
Research Basis
How confident are you in your ability to provide instruction in
mathematics that produces positive performance outcomes for all
students?
- For which students do you feel most prepared and why?
- For which students do your feel least prepared and why?
How confident are you in your ability to provide effective
instruction across all mathematic concepts?
- What math concepts do you feel the most confident to teach? Riggs et al. (2018)
MP-TEBI
- Which math concepts do you find to be the most difficult for
you to teach and why?
NCTM (2014)
How do you feel about your ability to prepare students to apply an
Principles to
operation or concept to a real-world problem?
Action
How do you feel about your ability to recognize mistakes in student
thinking and help them correct it?
What do you do when a student does not understand?
How do you feel when a student does not understand?
How do you feel about your ability to incorporate student
mathematical observations, even if they are not a part of the lesson?
How would you describe your ability to incorporate students’ varied
approaches and thinking into class discussion and lesson closure?
Note. MP-TEBI = Mathematics Teaching Efficacy Beliefs Instrument; NCTM – National
Council of Teachers of Mathematics.
The Elementary Teacher’s Commitment to Mathematics Education Reform (Ross et al.,
2003) served as a supporting document in the development of questions analyzing perceptions
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about math pedagogy as they relate to the NCTM standards. The development of the original 20question survey focused on nine dimensions of elementary mathematics reform, including
program scope, student tasks, discovery, teacher’s role, manipulatives and tools, student-student
interaction, student assessment, teacher’s conception of math as a discipline, and student
confidence. Special attention was given to questions related to the NCTM teaching practice of
facilitating mathematical discourse in the classroom. Table 5 includes these questions addressing
question two.
Table 5
Semi-Structured Interview Prompts Addressing Question 2
Interview Prompt
How do you create opportunities for students to solve math tasks in
different ways?
What do you do when two students arrive at the same correct
solution through different approaches?
How do you create opportunities to hear and observe student
mathematical thinking?
When and how should students work together in math?
How do students use manipulatives or drawings to explain their
thinking in your math class?
When do you tell students how to perform a mathematical task and
when do you let them tell you how they think they should do it?
Describe what is more important to you and why: arriving at the
correct solution or explaining the process that led to your solution?
What opportunities do students have to lead class conversations in
math?
Note. NCTM = National Council of Teachers of Mathematics.

Research Basis

Ross et al. (2003)
Elementary
Teacher’s
Commitment to
Mathematics
Education Reform
NCTM (2014)
Principles to
Action

Questions addressing action research question three were developed by the researcher
and instructional coach to ascertain the value of collaboration through the instructional coaching
model. These questions were created through a synthesis of Sweeney and Mausbach’s (2018)
rubrics for effective instructional coaching and Darling-Hammond et al. (2017) design elements
from Effective Teacher Professional Development. The questions were piloted and revised with
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participating teachers in a previous coaching cycle. These questions were included only at the
end of the coaching cycle. Table 6 includes prompts addressing Question 3.
Table 6
Semi-Structured Interview Prompts Addressing Question 3
Interview Prompt
Answer the following questions with examples from your
coaching cycle experience as evidence:
How did modeling by the instructional coach of classroom
practices and strategies contribute to your learning?
How did reflection with the coach and other coaching cycle
participants contribute to your learning?
How did co-planning contribute to your growth in math
instruction?
What was the most meaningful aspect of your work with the
instructional coach?
In what ways did the coach support your implementation of new
practices in the classroom?
Describe a time when you experienced success in the classroom
as a result of your work with the coach.
What kind of feedback did you receive from the instructional
coach and how did it affect your instruction?

Research Basis

Darling-Hammond
et al. (2017)
Effective Teacher
Professional
Development.

Sweeney &
Mausbach (2018)
Leading StudentCentered Coaching

Participant Questionnaires
Coaching cycle participants completed short reflections following each week of the
coaching cycle in the form of an open-response questionnaire on a Google form. Open-response
questions were used to focus attention on matters related specifically to the research questions of
this study on self-efficacy in math instruction, teaching practices, and the value of collaboration
through instructional coaching. While the questions were focused, there were no limits in the
opportunity to respond to each. Open-response questionnaires allow for a high degree of validity
in their ability to extract comprehensive answers in participants’ own words (Guthrie, 2010).
Table 7 illustrates the questions used as questionnaire prompts for coaching cycle participants.
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Table 7
Participant Reflective Questionnaire and Corresponding Research Questions
Questionnaire Prompt

Research Question

Describe an example of when you felt successful incorporating
mathematical discourse into your instruction this week.
How do you feel about your ability to incorporate mathematical
discourse into other aspects of math instruction?
What aspects of mathematical discourse are you planning to focus
on next in your instruction?
What part of your work with the instructional coach this week
most benefitted your professional learning?
What questions or new understandings do you have as a result of
your work with the instructional coach this week?
What new challenges or obstacles arose through your work with
the coach this week?

1
1
2
3
1 and 3
1 and 3

Classroom Observations
The reflection of participants is a vital component in assessing the value of PD or an
intervention, but their responses can often be skewed due to organizational factors, ego
enhancement, social desirability, or a need to create an image of professional conduct that does
not match practice (Ross et al., 2003). Some studies have shown that while teachers believe they
are implementing NCTM standards-based reform in mathematics, observational data indicate
otherwise. In a study by Frykholm (1996), pre-service teachers reported implementation of
NCTM standards, but 60% of observed lessons were considered very traditional.
To get the best picture of changes in practice, classroom observations are a valuable tool
to see implementation of strategies firsthand. Focused observations on mathematical practices
requires the use of instruments that relate specifically to content and approaches unique to math
pedagogy (Boston et al., 2015). The Reform-Oriented Teacher Observation Protocol (RTOP)
was used to collect quantitative data on classroom observations for this study (Sawada et al.,
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2002). The RTOP is a 25-item Likert-scale instrument comprised of three scales: lesson design
and implementation, content, and classroom culture. The content and classroom culture scales
are further divided into subscales, which include propositional knowledge and procedural
knowledge, and communicative interactions and student/teacher relationships, respectively. The
tool was created by the Evaluation Facilitation Group of the Arizona Collaborative for
Excellence in the Preparation of Teachers and focused on being standards based, inquiry
oriented, and student centered. The RTOP was developed over a course of 2 years and involved
153 public school, college, and university classrooms. Sawada et al. (2002) defined reform-based
practices as, “students using data to justify opinions, experiencing ambiguity as a result of
learning, and learning from one another” (p. 246). The RTOP drew from NCTM standards in its
development, focusing largely on conceptual understanding and student reasoning and
articulation of thinking rather than teacher lecture. The complete observation tool can be found
in Appendix C.
An analysis of 32 independent observations (16 pairs) using the RTOP was conducted to
obtain interrater reliability through a best-fit linear regression of the data. This analysis revealed
a correlation coefficient of 0.98 and the variance shared between observers at 95%. A
Cronbach’s alpha conducted for the entire instrument provided a standardized alpha of 0.97,
suggesting a high degree of consistency across items. Table 8 includes alphas for each subscale.
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Table 8
Values of Cronbach’s Alpha for Individual RTOP Scales and Subscales
Cronbach’s alpha
0.91

Scale
Lesson Design and Implementation
Content
Propositional knowledge
Procedural knowledge
Classroom Culture
Communicative interactions
Student/teacher relationships
Note. RTOP = Reform-Oriented Teacher Observation Protocol.

0.80
0.93
0.91
0.91

The RTOP includes an online training course for raters, which was completed by the
researcher, an assistant principal at RCEM, and the assistant superintendent of curriculum and
instruction. Certification to use the RTOP in formal research requires that trained raters should
have overall scores within +/– 5 points of the developers’ scores,
with each item score varying 1 point or less.
The RTOP borrows heavily from the constructivist paradigm and NCTM’s application of
it in their principles and standards. Because subscales may be used in place of the entire
instrument and due to this study’s focus on mathematical discourse, only the third subscale of the
RTOP, Classroom Culture, was used for data collection. This subscale includes communicative
interactions and student/teacher relationships. Each item in this subscale relates most specifically
to mathematical discourse.
Field Notes
Field notes were collected by the instructional coach during a group reflection with all
three coaching cycle participants at the end of each week of the 6-week coaching cycle.
Coaching cycle participants were asked to provide an example of mathematical discourse
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implemented in their class that week, what it revealed about their students, and what they learned
about their mathematics instruction. The instructional coach recorded unstructured observations
during these discussions, as well as his own reflections on what emerged from the group
discussion.
Data Collection
Data collection through semi-structured interviews, participant reflective questionnaires,
and classroom observations, and field notes were used to answer the three action research
questions. These questions focus on teacher self-efficacy in mathematics instruction, teacher
perceptions and classroom observations of implementation of an NCTM teaching practice, and
teacher perceptions of instructional coaching as a form of collaborative PD. With multiple
sources of qualitative data, triangulation can be achieved through the emergence of common
themes across sources and perspectives (Creswell, 2018).
Data were collected beginning in November as coaching cycles began and ran for 6
weeks across a period of 3 months due to school closures associated with an ongoing pandemic.
All data were stored on a cloud server and the researcher’s hard drive, both of which were
password protected. The following details the method and timeline in which each data collection
instrument was conducted.
Semi-Structured Interviews
Semi-structured interviews were conducted before coaching activities began and after
they concluded. This pre and post approach provided information about teacher self-efficacy in
mathematics instruction before and after participation in a 6-week coaching cycle. Questions and
literature from the Elementary Teacher’s Commitment to Mathematics Education Reform (Ross
et al., 2003); Sweeney and Mausbach’s (2018) Leading Student-Centered Coaching; Darling57

Hammond et al. (2017) Effective Teacher Professional Development; Riggs et al. (2018)
Mathematics Teaching Efficacy Beliefs Instrument; and NCTM’s (2014) Principles to Action
were utilized to provide guiding questions. Semi-structured interviews were conducted one-onone with each participant before and after the instructional coaching cycle.
Participant Questionnaires
Math instructional coaching participants were asked to complete reflective questionnaires
at the end of each week during the 6-week coaching cycle. These questionnaires were completed
by responding to five prompts in a Google Form. A link to this form was emailed to participants
at the end of every week following co-planning, co-teaching, and reflection meetings. This
information was available to participants at any time.
Classroom Observations
The third subscale of the RTOP (Sawada et al., 2002) was used to conduct classroom
observations on Weeks 2, 4, and 6 of the coaching cycle, and after the 6-week coaching cycle
had concluded (Week 7). Each observation was approximately 30-45 minutes, including an
introductory math talk, guided teacher station, small group independent stations, and lesson
closure. The observation tool was developed by the Evaluation Facilitation Group of the Arizona
Collaborative for Excellence in the Preparation of Teachers and incorporates Curriculum and
Evaluation for School Mathematics, Professional Standards for Teaching Mathematics, and
Assessment Standards for School Mathematics from the NCTM.
Teachers participating in the coaching cycle were recorded for observation in person
following strict social distancing protocols according to federal, state and local COVID-19
guidelines. One of the observations had to be recorded online due to school’s moving to virtual
instruction due to community spread of COVID-19. Each observation was completed by the
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researcher and another one of the trained raters as required by the RTOP. Repeated observations
of the same teacher were necessary to increase statistical validity. As a result, observations were
conducted at the second, fourth, and sixth weeks of the coaching cycle, and the week after the
coaching cycle had concluded. Observation dates were established by the researcher after
discussion with the coaching cycle participants. All observations were conducted by two raters
who had completed online training using the tool to increase interrater reliability. Each coaching
participant was observed four times for approximately 45 minutes on each occasion.
Field Notes
Field notes were collected by the instructional coach during group reflection with all
three coaching cycle participants at the end of each week of the 6-week coaching cycle.
Coaching cycle participants were asked to provide an example of mathematical discourse
implemented in their class that week, what it revealed about their students, and what they learned
about their mathematics instruction. The instructional coach recorded unstructured observations
during these discussions, as well as his own reflections on what emerged from the group
discussion. The notes were typed into a file shared with the researcher on a cloud-based server.
Data Analysis
This study examined multiple forms of qualitative data to create a portrait of instructional
coaching and its value as it relates to a rural elementary school. Through semi-structured
interviews, participant reflective questionnaires, classroom observations, and field notes, a robust
narrative was created about instructional coaching in mathematics at RCEM. The researcher
analyzed the data for emergent themes and worked backwards from those themes to find
examples within the data supporting them. This analysis included a holistic examination that was
not limited to pre-selected aspects of the study (Mertler, 2017).
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Qualitative Data Coding
Mertler’s (2017) approach to analyzing qualitative data from action research first
prioritizes the clear organization of data and content for accessibility and readability. This
includes transcribing interviews and formatting digital questionnaire reflections in ways that
could be easily viewed and analyzed. Through the process of inductive analysis, data were
reduced to categories or themes. Once those themes were identified and supported through
further inspection of the data, a description of each theme was developed.
These themes were used to code the data for further analysis and to draw connections to
the action research questions. While the main purpose of coding was to look for information that
corresponded to the research questions, it was also necessary to look for information that
conflicted with the themes that were identified. The first cycle of coding and analysis for the
unstructured interviews, participant reflective questionnaire, and instructional coach field notes
began with initial coding, where all of the pieces of information are examined with an open
perspective, allowing for multiple theoretical directions to emerge (Saldaña, 2016). During this
first step of the coding process, the data corpus was examined holistically using in vivo codes,
the actual words of participants from interviews and journals, process codes, codes that search
for the routines and rituals of human life, and descriptive codes, which generalize information
into topics (Saldaña, 2016). Throughout the first cycle coding process, themes were categorized,
clustered, combined, or split as the nuances of the data dictated.
Second Cycle Coding
Second cycle coding of the unstructured interviews, participant reflective questionnaires,
and instructional coach field notes were employed to further disaggregate and organize the data.
Through second cycle coding, thematic, conceptual, and theoretical organization was developed
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through the interpretation of first cycle codes. As in first cycle coding, opportunities existed to
group information together or identify new codes that emerged from first cycle analysis, with the
ultimate purpose to condense a vast amount of data into more focused categories. Three methods
of coding were utilized during the second cycle, including focused coding, which categorizes
data based on conceptual similarities, axial coding, which describes a category’s properties and
how separate categories relate to each other, and theoretical coding, a process of discovering
central categories that identify the primary theme of the research (Saldaña, 2016).
Following the coding process, the organization of the data was interpreted and sorted
with a focus on answering the action research questions. Throughout the interpretation process,
the researcher continually engaged in reflective practices of introspection in an effort to mitigate
biases and create the most accurate data set possible.
Quantitative Data Analysis
The RTOP (Sawada et al., 2002) was utilized to conduct classroom observations on
weeks two, four, and six of the 6-week coaching cycle, and after the coaching cycle concluded
(Week 7). The Classroom Culture subscale of the RTOP was the only subscale used, as it relates
most specifically to the action research focus on mathematical discourse incorporated in the 6week coaching cycle. Statistical data were not collected due to the small number of coaching
cycle participants. Instead, the RTOP served as an indicator of implementation of the NCTM
teaching practice of facilitating mathematical discourse. Observational data were interpreted
through self-referenced scoring and a comparison of raw scores over the course of each teacher’s
four classroom observations.
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Action Research Question 1. After participating in a 6-week instructional coaching
cycle, how do teacher participants perceive and describe their levels of self-efficacy in
mathematics instruction related to mathematical discourse?
Semi-structured interviews and participant questionnaires served as the data sources to
address question one, “After participating in a 6-week instructional coaching cycle, how do
teacher participants perceive and describe their levels of self-efficacy in mathematics instruction
related to mathematical discourse?” The semi-structured interviews were coded using Saldaña’s
(2016) first cycle initial coding methods, including in vivo, descriptive, and process coding,
followed by second cycle coding using focused, axial, and theoretical coding. The participant
reflective questionnaires were coded using Saldaña’s (2016) first cycle initial coding methods,
including in vivo, descriptive, and process coding, followed by second cycle coding using
focused, axial, and theoretical coding.
Action Research Question 2. After participating in a 6-week instructional coaching
cycle, what evidence is there of implementation of instructional practices related to mathematical
discourse?
a. How do teachers describe changes to their instruction?
b. Are teachers implementing instructional strategies related to mathematical discourse
with fidelity?
Semi-structured interviews, participant reflective questionnaires, and classroom
observations served as the data sources to address question two, “After participating in a 6-week
instructional coaching cycle, what evidence is there of implementation of instructional practices
related to mathematical discourse?” The semi-structured interviews were coded using Saldaña’s
(2016) first cycle initial coding methods, including in vivo, descriptive, and process coding,
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followed by second cycle coding using focused, axial, and theoretical coding. The participant
questionnaires were coded using Saldaña’s (2016) first cycle initial coding methods, including in
vivo, descriptive, and process coding, followed by second cycle coding using focused, axial, and
theoretical coding. The instructional coach field notes were coded using Saldaña’s (2016) first
cycle initial coding methods, including in vivo, descriptive, and process coding, followed by
second cycle coding using focused, axial, and theoretical coding. The classroom observations
were scored using the RTOP. Four observations of approximately 45 minutes were conducted of
each participant.
Action Research Question 3. After participating in a 6-week instructional coaching
cycle, how do teacher participants describe the value of collaboration through instructional
coaching?
Semi-structured interviews and participant questionnaires served as the data sources to
address question three, “After participating in a 6-week instructional coaching cycle, how do
teacher participants describe the value of collaboration through instructional coaching?” The
semi-structured interviews were coded using Saldaña’s (2016) first cycle initial coding methods,
including in vivo, descriptive, and process coding, followed by second cycle coding using
focused, axial, and theoretical coding. The participant questionnaires were coded using Saldaña’s
(2016) first cycle initial coding methods, including in vivo, descriptive, and process coding,
followed by second cycle coding using focused, axial, and theoretical coding.
Table 9 illustrates the connection between the research questions, data sources, and
analysis of the data.
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Table 9
Evaluation Questions, Data Sources, and Analysis Methods
Evaluation Question

Data Sources

Data Analysis

After participating in a 6-week
instructional coaching cycle, how do
teacher participants perceive and
describe their levels of self-efficacy in
mathematics instruction related to
mathematical discourse?

Semi-structured
interviews,
Participant reflective
questionnaires

Cycle 1 Coding - In
Vivo, Descriptive,
and Process

After participating in a 6-week
instructional coaching cycle, what
evidence is there of implementation of
instructional practices related to
mathematical discourse?
a. How do teachers describe
changes to their instruction?
b. Are teachers implementing
instructional strategies related to
mathematical discourse with
fidelity?
After participating in an instructional
coaching cycle, how do teachers
describe the value of collaboration
through instructional coaching?

Semi-structured
interviews,
Participant reflective
questionnaires, Field
Notes, Classroom
observations

Cycle 2 Coding Focused, Axial, and
Theoretical
Cycle 1 Coding - In
Vivo, Descriptive,
and Process
Cycle 2 Coding Focused, Axial, and
Theoretical
Self-referenced
scoring

Semi-structured
interviews,
Participant
questionnaires

Cycle 1 Coding - In
Vivo, Descriptive,
and Process
Cycle 2 Coding Focused, Axial, and
Theoretical

Assumptions, Delimitations, and Limitations
Assumptions
Two assumptions should be acknowledged as having potential to create bias in this study.
The first assumption was that instructional coaching is a high-quality form of PD. This
assumption resulted from dialogue with teachers through the first year of implementation of
instructional coaching and from research included in this study focused on the benefits of
instructional coaching. The second assumption was that participants would provide candid and
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honest feedback through surveys, semi-structured interviews, and questionnaires. There was no
full guarantee of completely genuine responses, as the emotional factors of professional
relationships can influence feedback.
Another assumption related to the study design included the level of engagement by
participants, many of whom dealt with cognitive drain due to changes required because of a
pandemic discussed under the limitations section later in this chapter. High levels of participant
engagement are necessary to solicit the greatest amount of thoughtful feedback through
questionnaires and interviews. It was also assumed that the strategies used to mitigate bias and
eliminate participants concerns regarding my role as their supervisor would be successful.
Delimitations
The delimitations of this study are a result of the methods selected to assemble and
analyze data. The first delimitation is a reliance on the researcher in developing qualitative
codes, categorizing information, and interpreting that information, potentially resulting in biased
data based on the perspective of the researcher. Another delimitation is the scope of the proposed
study, which includes a small number of teachers (three) over the course of a succinct time frame
(6 weeks).
During this study, RCEM operated on a schedule where half the students attended school
on odd weeks and the other half attended school on even weeks. This was a result of restrictions
from a pandemic outlined in the limitations section in this chapter. As a result of this
arrangement, the instructional coach modeled instruction on odd weeks with one group of
students, and the teacher implemented those instructional practices with a different group of
students on even weeks. This structure of modeling by the instructional coach and subsequent
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implementation by the classroom teacher with separate groups of students is another delimitation
of this study.
Limitations
My dual role as the researcher and administrator where the proposed study took place
was another limitation, as my involvement in the study may have colored the responses of
participants. Similarly, participants’ responses and reflections may have also been influenced by
their professional and/or personal relationship with the instructional coach. While this study does
not provide generalizable information, it captures insight unique to the efforts of rural school
educators. The sample size and limited resources available to conduct the study reflect the
challenges encountered in rural schools.
An unexpected limitation in the study was the uncertainty created by a global pandemic
and its impact on schools and communities. The study began with RCEM operating on a hybrid
model of virtual and in-person instruction outlined in the delimitations section of this chapter.
Other limitations included interruptions due to the quarantine of staff and school closures for
cleaning and sanitation. These challenges forced the coach and participants to regroup at times,
moving the structure of the coaching cycle into online learning environments and meeting spaces
to achieve the coaching and instructional goals. Another limitation influenced by the pandemic
was the use of a small sample size. The coaching cycle was limited to three teachers to make the
demands of the cycle more manageable for the coach and participants as they took on new
requirements for teaching in a pandemic.
Ethical Considerations
This study included a large amount of qualitative data reflecting the thoughts, emotions,
and perhaps critical responses of participants. As a result, necessary measures were taken to
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guarantee the confidentiality of all the data in an effort to protect the identity of each participant.
The research questions and methods were discussed in detail with participants before they agreed
to engage in this action research study. Furthermore, a discussion of action research as a model
for professional learning and growth was conducted, including the potential benefits of
participating in this work related to school improvement, PD, and classroom pedagogy. All data
tied directly to individual participants were shared with each person, including semi-structured
interview transcripts, participant reflective questionnaire responses, and classroom observation
data. This information was stored on a password-protected account that was accessible only to
me.
Participants in this study were selected on a voluntary basis after viewing a full
description of the study, its purpose, and the expectations of the participants and researcher.
Voluntary participation is a necessary ethical consideration to establish the beginning of a study
that is free of influence or pressure to engage in the work (Creswell, 2018). A consent form
detailing the process, purpose, and data sources of the study, as well as measures taken to
disassociate information from specific participants was supplied and collected before the study
began. The informed consent form outlining these details is referenced as Appendix D.
I sought approval to conduct this study from the William & Mary School of Education
Institutional Review Board (IRB) and from the superintendent of RCEM.
Positionality
In the role of researcher as participant, my position as principal of RCEM afforded me
the ability to immerse deeply in this action research study as a long-standing member of the
professional teaching and learning community. My position enabled me to reach participants,
meet with them, and discuss our work together easily. Established professional relationships
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allowed us to engage in dialogue more quickly and openly than with an external, unfamiliar
researcher. While these factors presented clear advantages for data collection, familiarity and the
dynamics of the supervisor/employee relationship can also influence responses when not
properly acknowledged. I addressed the influencing factors of existing professional relationships
by emphasizing from the beginning that our work together was non-evaluative but was
specifically intended to support teachers and students in their work. Moreover, our learning from
the experience would be used to reiterate the instructional coaching model to better suit teachers
in subsequent cycles.
As an educator, my belief system is centered around opportunities for student-driven
inquiry and deeper learning, where students have voice and choice in their education and are
afforded opportunities to present their own reasoning and solutions to complex problems. This
belief aligns closely with the NCTM content and process standards and was acknowledged to
study participants. As the leader charged with establishing and developing a vision of learning
for the school, it was important to articulate this belief and discuss how it aligns or conflicts with
the members of the organization.
A pilot of this study was run early in the fall of 2020 to gain feedback from participants
on data collection instruments and the coaching process. Questions and other design elements
were revised as a result of feedback from those participants. Consultation with experienced
researchers was conducted over the course of the data analysis process to mitigate researcher
bias. The school division included three leaders possessing doctoral degrees, and another who
was at the same stage of degree completion as the researcher. These colleagues provided
meaningful direction for the researcher due to their familiarity with the stakeholders in the study
and their understanding of educational research and design.
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Researcher Analytic Memos
As a researcher-participant, it was necessary to continually track and control for my
biases and positionality as the administrator of the school where this study took place. Analytic
memos were kept to reflect on my role as researcher, administrator, and facilitator of the
coaching relationship. These memos were utilized to reflect on the observed interactions and
activities between the coach and participants, including emotional responses to the work,
conflicts of opinion and the resolution process, and unanticipated outcomes resulting from
coaching activities. Memos can act as a qualitative catch-all, where the researcher records
observations both anticipated and unexpected in relation to the study throughout the duration of
the work. More importantly, memos also enable researchers to address reflexivity by reflecting
on their own personal experiences and how those experiences may shape their interpretation of
results (Creswell & Creswell, 2018).
Analytic memos prompted me to think more deeply about what is being studied through a
continual process of data analysis and introspection, or what Clarke (2005) referred to as, “sites
of conversation with ourselves about our data” (p. 202). Efficient and consistent memo writing
can help create a warehouse of deep thinking, while also enabling the researcher to begin
developing a draft of ideas for qualitative coding as he continues to explore phenomena of study.
Effective and useful analytic memo writing required me to record thoughts on coding and data
analysis at the moment they occurred to guarantee the most comprehensive record of thinking
(Saldaña, 2016).
Rather than relying on the teachers’ perspectives alone, it was important to examine the
research questions from other perspectives and lenses to create a more authentic data set that was
not over-reliant on the biases and opinions of one person or group. Previous research suggests
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that the reported beliefs of teachers do not always match their practices (Frykholm, 1996; Ross et
al., 2003), making it necessary to examine events and activities through other perspectives.
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CHAPTER 4
FINDINGS
The purpose of this mixed-methods action research study was to examine the influence of
instructional coaching in mathematics on teacher self-efficacy and instruction as they relate to
the National Council of Teachers of Mathematics (NCTM) teaching practice of facilitating
mathematical discourse. Additional goals of this study included the identification of which
elements of the instructional coaching model proved most effective as discussed by coaching
cycle participants to help inform subsequent action research cycles. Chapter 3 described the
methodology of this study, which was conducted as action research to examine levels of teacher
self-efficacy in relation to the NCTM teaching practice of facilitating mathematical discourse,
evidence of implementation of teaching practices incorporating mathematical discourse, and
reflections on the impact of collaboration through instructional coaching on teaching practice.
Adaptations were made throughout the study to achieve the coaching cycle goals and
accommodate the demands of the virtual teaching and learning environment required during a
pandemic. The research questions that guided this study were:
1. After participating in a 6-week instructional coaching cycle, how do K-2 teacher
participants perceive and describe their levels of self-efficacy in mathematics
instruction related to mathematical discourse?
2. After participating in a 6-week instructional coaching cycle, what evidence is there of
implementation of instructional practices related to mathematical discourse?
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a. How do teachers describe changes to their instruction?
b. Are teachers implementing instructional strategies related to mathematical
discourse with fidelity?
3. After participating in a 6-week instructional coaching cycle, how do teacher
participants describe the value of collaboration through instructional coaching?
Semi-structured interviews, unstructured interviews, classroom observations, and
reflective participant questionnaires were utilized to collect data addressing the action research
questions. Qualitative data analysis of interviews and questionnaires included using a collection
of coding methods as outlined by Saldaña (2016) to categorize and sort data to be further
examined for themes or patterns. Data were split, combined, or connected through a process of
inductive analysis to bring central themes to the forefront. Quantitative data were not analyzed
using any statistical methods due to the small number of participants in the study and are instead
presented as evidence of implementation of teaching practices incorporated in the coaching
cycle. Chapter 4 details the findings gathered from this data analysis process that address the
three action research questions. This chapter also discusses the method of data analysis and
adaptations to the data collection process due to the COVID-19 pandemic.
Data analysis began by transcribing interviews and cataloging reflective questionnaires.
Interviews were recorded using Audacity, a computer-based recording program, and were
uploaded to the website Temi, a password protected transcription service, to be transcribed into
text. The researcher listened to each recording and made corrections to the transcribed document
to help guarantee a clean data set while simultaneously conducting a first reading of participant
responses to develop a priori codes, which are determined beforehand and help the researcher
focus on the research questions (Saldaña, 2016).
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Transcripts from interviews and reflective questionnaires were uploaded to Dedoose, a
password protected, web-based qualitative coding program. First and second cycle coding was
conducted by analyzing the transcripts for words, phrases, and narratives that addressed the a
priori goals and stood out as central themes or main ideas for participant responses.
Data Collection Adaptations
The cycle of action research examined in this study was initiated during fall 2020, as the
COVID-19 pandemic required schools to safely reopen using social distancing measures and
health mitigation strategies designed to reduce the spread of the coronavirus. COVID-19
emerged in the U.S. in spring 2020, forcing statewide school closures in Virginia in mid-March
due to its highly contagious nature and potential for serious illness in vulnerable populations.
To begin the 20-21 school year, RCEM provided all-virtual instruction for those families
requesting it, which included approximately 20% of the student population. The remaining 80%
of students were divided into A and B weeks, attending 4 days of school in-person, while
conducting mostly asynchronous work through Canvas, an online learning management system,
or by paper packet during their six days of home learning time. Every Friday was a workday for
teachers and asynchronous learning day for students.
During brief periods of school closure created by community spread of COVID-19, K-2
teachers conducted asynchronous instruction online through Canvas, and offered live, small
group sessions using Google Meetings to provide direct instruction. These sessions generally ran
from 20–30 minutes with two to four students and were conducted twice a day for reading and
math. While student attendance varied from classroom to classroom, average attendance was
around 50-60% in elementary school grades.
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During this period of all virtual instruction, small group sessions were recorded to collect
classroom observation data. These sessions included the instructional coach as a participant and
co-teacher as he would have been in the classroom. While not ideal, these recordings helped
maintain continuity in the data collection process.
The cyclical nature of action research and its ability to incorporate iterative design made
it possible to complete this study despite the obstacles created by the pandemic. The information
collected from it will be used to conduct further cycles of action research to refine the coaching
model as it is used at RCEM.
Action Research Question 1
After participating in a 6-week instructional coaching cycle, how do teacher participants
perceive and describe their levels of self-efficacy in mathematics instruction related to
mathematical discourse?
Coaching activities conducted in relation to facilitating mathematical discourse included
a workshop on mathematical discourse at the beginning of the cycle, co-planning with the
instructional coach, co-teaching with the instructional coach, and group reflection with the other
coaching participants at the conclusion of each week. Other informal activities included
reflective conversations with the coach following individual lessons, as well as emails and other
communications including resources and feedback from the coach. Data for this action research
question were collected through semi-structured interviews and participant reflective
questionnaires. Evidence from participant responses show examples of Bandura’s (1977) four
sources of efficacy (mastery experience, vicarious experience, verbal persuasion, positive
emotional state) that will be discussed in the findings.
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Semi-Structured Interviews
Semi-structured interviews were conducted with coaching cycle participants before the
cycle began and after it concluded using questions based on Riggs et al. (2018) Mathematics
Practices – Teaching Efficacy and Expectancy Beliefs Instrument and NCTM’s (2014)
Principles to Action. Questions from the semi-structured interview addressed self-efficacy in
teaching mathematical concepts, ability to teach different groups of students, how teachers feel
when students do not understand, and how they perceive their ability to incorporate mathematical
discourse through student observations and thinking during math instruction. Through coding of
the interview data, three of Bandura’s (1977) four elements of self-efficacy were most prevalent
in responses, including vicarious experiences, mastery experiences, and verbal persuasion.
Semi-Structured Responses Regarding Ability to Provide Mathematics Instruction
for All Students. Participants were asked to describe their confidence in their ability to provide
math instruction that produces positive outcomes for all students. All three participants
commented that they felt more confident after completing the coaching cycle. A common theme
throughout interview responses included the benefits of being shown different ways to teach a
single concept while being provided different materials or manipulatives to use in teaching it.
Teachers described growing self-efficacy through the building of knowledge and materials to
teach the same concept in multiple ways.


So I know in the beginning I was not as confident as I am now. I think after doing this
little experiment, math discourse for the last, what, two months, I feel really, really
confident in teaching math and I never thought I would say that, but I do feel
confident. I got to see a lot of different resources and a lot of different games.
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I'm feeling a lot better now after the coaching cycle, because I have new ideas and
strategies to use during my number talks and class closures as well, more so than I did
before.



Much better than before with all the coaching. It's easier to know that the instructional
coach has gone over things and shown different ways. It's much easier to give the
instruction and show them how to do it and how to arrive at different ways to get the
answer or show them the concept. In general, it's much easier.

Semi-Structured Responses Regarding Math Concepts Participants Feel Most
Confident Teaching. Coaching cycle participants were asked to describe math content that they
felt most confident teaching. All three coaching cycle participants expressed confidence in
teaching at least one concept. One of the participants discussed the content she worked on with
the instructional coach as the concept she felt most comfortable teaching.


I would say part, part, whole, because I feel like that’s the most where me and the
instructional coach worked a lot with.

Another participant identified an area where she felt most confident but went on to
elaborate on a concept where she grew the most confidence as a result of her work with the
instructional coach.


Um, most confident in part part whole; actually for most of them fractions are still a
little sketchy, but there's so much more material that we can use now that the
instructional coach has actually shown what we can go to to use for fractions and how
they can use real world examples. And we can bring those things into the classroom
to show them fractions. So, um, I would say right now all but fractions, but I'm
getting better with that.
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Semi-Structured Responses Regarding Observation of Modeled Instruction. When
asked questions about their confidence in math instruction, a common theme between
participants included watching the instructional coach teach concepts they had discussed during
co-planning. All three coaching cycle participants described their ability to grow confidence
through vicarious experiences of observation of modeled instruction. Participants observed the
instructional coach implementing practices and content they had discussed during co-planning
before teaching the material themselves, providing an opportunity to see examples of success
before attempting and feeling success.


I think in the beginning, he really modeled more and helped me kind of understand
what we did. I think what we did first was getting them to recognize numbers and he
just modeled a lot. And I think he taught me a lot of different resources that we could
use in games and stuff. So I feel like that really contributed to my learning because I
got to see and learn about all these different resources that I knew we had in this
school, but I guess I never really knew how to incorporate it in the classroom as well.



Usually he would do a number talk and then I would try to do it myself, like the next
day and we'd kind of just rotate. But I would definitely want a day of watching him
because, you know, he does so good at it. So I feel much more comfortable about
number talks now.



The strategies that he used, the way that he used just different things in general, just
picked it up and started using it that I would not have thought of. I would say that that
helped a whole lot to improve things.

Semi-Structured Responses Regarding Feeling Success Through Student
Engagement and Games. Participants were asked to describe examples where they felt success
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or failure in math instruction. When discussing what they perceived as successful experiences in
math instruction during the coaching cycle, all three participants described examples that they
believed had high engagement and high interest for the students. A common theme between the
participants included the use of games in teaching a mathematical concept. Teachers described
their feelings of success, or mastery experience, through what the students were able to describe
in mathematical discourse through play.


They love playing this game where I would have five Unifix cubes and I would tell
them to close their eyes and I would break apart say two and I had three in my hand
and I would hide it behind my hand and I would show them how many is in my hand
and they'd have to guess how many I'm hiding. And they liked that. Cause it was like
kind of cool. They had to close their eyes and open them back up and they're like, Oh,
this many disappeared. And so that was pretty cool to see.



We're doing place value when comparing numbers. So one of the stations, they have
cards and the cards are written in standard form, expanded form, and base 10 blocks.
So they're seeing all the things we've learned about and place value. Each student will
flip a card and they'll have to either count their base 10 blocks or do it in an expanded
form. Whichever card they flip and whoever has the biggest card, like the biggest
number they get to keep their card. So that's like engaging for them. Cause they're
like, Ooh, who's going to win?



They had to pick a number and do tens and ones. They had to give clues for the other
students to guess their number. We played it the day before then they had to do it with
each other. So Josh would say, “My number is between 50 and 60. This one is tens.
This one is ones.” And when it came to his turn again, he said, “My number is above
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100 and it's before 500 and it has a hundreds, it has a digit in the hundreds place.”
And they were just blown away. So we explained that yes, we have tens and ones,
and then comes hundreds and we're working with it, but we're not working with it
now.
These examples where teachers felt success represent a transfer of responsibility from the
teacher as leader to the teacher as facilitator, as students assumed a greater deal of responsibility
in explaining concepts or mathematical representations as competitors and participants in game
play.
Semi-Structured Responses Regarding Participants’ Ability to Include Students’
Varied Approaches. Teachers were asked to describe their ability to incorporate students’
varied approaches and thinking into class discussion. Participant descriptions and examples of
incorporating students’ varied approaches included a common theme of saving student work or
observations for a student or students to present to the rest of the class as part of reflection at the
end of math instruction. Mathematical discourse includes students acting as leaders of
conversation in a classroom community.


You listen to all of their approaches and how they get to their answer because nobody
has a wrong way of getting to the answer. So I will just have them, whatever we've
done, if there's something that stands out or doesn't, right or wrong, it doesn't matter.
Um, just to make sure that that's the one thing that we focus on when we have
closure, just so they can all see it and we can talk about it.



If we're working on patterns and a student builds a certain pattern I'll save it and then
I'll bring it up later in the discussion and I'll have that student kind of talk about it and
have all the other students see what they did and see if it was something they
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would've done differently or discuss how they did do it when they were in that
station. So that just kind of getting them talking at the end of the class about what we
learned that day in the class.


Our class discussions usually happen at the beginning of the math lesson and
definitely at the end. And it's just kind of like wrapping up what we discussed about
in the math lesson and just asking them, how do they know this happened? Or what
can you tell me that we did? What did your partner do in this? So, um, I feel like just
asking those questions over and over again and getting all the kids to engage in the
discussion.

Semi-Structured Responses Regarding Listening and Praise by the Coach. When
asked questions about the coaching relationship and its contributions to their learning in math
instruction, all three coaching participants shared examples of verbal persuasion by the
instructional coach that were considered nonjudgmental and encouraging. Participants discussed
the coach’s ability to listen to their ideas rather than telling them what to do. They also discussed
comments of praise given by the coach for successful instruction or novel ideas in co-planning.


Mr. Jones had his own ideas, but he also wants to listen to yours as well. Like he
doesn't want to completely take over and he listens to what you have to say and what
you want to do, and he'll just kind of go from there. So it's good to have him like, not
completely just this is what we're going to do, like, you know, so he supports you.



We had a brief meeting after a virtual class, just making sure I had everything
planned for the rest of the week and if I needed anything and after that, he was like,
“That was awesome. Like you killed it.” When I heard that, I was like, “Oh my gosh,
I feel so successful.” And he always gave me really good feedback, whether it was
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good or bad and if I need to change something he'll let me know. I need that. So it
made me feel more confident after hearing that. I can teach math virtually and in the
classroom. So it felt good.


He was always positive; didn't ever have anything negative to say. I would always ask
him, “What do you think? Is this good? Should we do something else?” And then I
guess the most feedback he gave us on reflection, closure, how important that was to
do and how important it was to try your best to use a student's work to show so that
they can get used to that.

Through the coaching relationship, participants discussed examples of social persuasion
where they felt validated through being heard and given praise. These examples suggest that
social persuasion is not just about what someone is told but can also be provided through active
listening.
Semi-Structured Responses Regarding Low Self-Efficacy in Un-Coached
Mathematics Instruction. Participants were asked about aspects of math instruction that are
difficult for them, including challenges in content, abilities of students, and teaching material
through varied approaches. All three coaching participants reported areas of mathematics
instruction where they continue to struggle, but each example included practices that were not an
area of focus in their work with the instructional coach.
A common theme in describing challenging mathematical concepts was their lack of
awareness of varied manipulatives or approaches used to teach a concept. One teacher expressed
concerns in being able to teach the calendar in different ways than the approach to which she was
accustomed. Another teacher expressed a similar concern in being able to teach the concept of 2and 3-digit addition and subtraction in more than one way.
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Calendar, because there's not as much hands-on for them to do with calendar. It's
basically you have to look at it and see it on the paper. It's difficult for them to
understand if they don't see it on the paper. So trying to teach that I find is more
difficult because it's not something that they can actually do with their hands.



3-digit and 2-digit addition and subtraction because I feel like that's just kind of, it is
what it is. This is how it's done. And I feel like it's a little harder to teach in multiple
ways, I guess.

Two out of three of the coaching participants pointed out their difficulty teaching
fractions, which was not a concept focused on in the coaching cycle for either teacher.


I hate shapes and I hate fractions.



Fractions are still a little sketchy.

As teachers looked beyond the period of the coaching cycle, they described aspects of
math instruction that gave them anxiety or uneasiness.
Participant Reflective Questionnaires
Reflective questionnaires were completed every week by coaching cycle participants on a
Google form. The questions were developed by the instructional coach and researcher to provide
participants an opportunity to reflect on their experiences in the coaching cycle. Four out of the
six questions were designed to gain insight on their perceptions of self-efficacy to facilitate
mathematical discourse in mathematics instruction.
Participant Questionnaire Responses Regarding Growing Confidence Through CoPlanning and Co-Teaching. Coaching participants were asked to describe the ways in which
their work with the coach built their confidence in facilitating mathematical discourse. All three
coaching participants discussed how co-planning and co-teaching specific areas of content with
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the instructional coach grew their confidence and feelings of success incorporating mathematical
discourse. Their examples blended mastery and vicarious experiences of self-efficacy, as
coaching participants were able to observe the instructional coach during co-taught activities
while experiencing mastery in the shared implementation of those activities. Similarly, the coplanning process gave coaching participants an opportunity to learn from the coach’s expertise
while successfully contributing their own ideas.


I felt successful co-teaching a station that allowed students to create and talk about
various repeating and growing patterns through using many hands on manipulatives.



After discussing what material would be taught this week and brainstorming with my
professional coach, I felt more confident in this new challenge



My instructional coach helped me plan for this week's instruction. We focused on
graphing and it was a little hard for me to wrap my head around teaching graphing
virtually, but my instructional coach helped me brainstorm many different ways to
incorporate graphing and mathematical discourse into my instruction.

Participant Questionnaire Responses Regarding New Understandings as a Result of
the Coaching Cycle. Participants were prompted to write about new understandings from the
previous week through their work with the instructional coach. A common theme between all of
the participants was the incorporation of student work in mathematical discourse where students
were able to create representations of their thinking and present their ideas. Students were able to
describe their thinking using their work in math class more regularly and with increasing comfort
and proficiency. Student use of mathematical representations to explain their thinking is a key
component of mathematical discourse (Hufferd-Ackles et al., 2004).


I better know how to display and talk about student work as a whole group.
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I really like closing my math lesson with a piece of work or manipulative a student
made and discussing it as a whole group.



I felt successful with a graphing activity and using it outdoors with leaves and things
we all saw outside, then coming in and having them graph what was seen and how
many times.



I learned ways to use examples of student work to get the students talking more about
different thought processes.



Even though we are virtual, we screenshotted pictures of individual student work
when they held up the piece of paper they were working on. We plan to display
pictures of their work to hold a discussion about each other’s work and thinking

Participant Questionnaire Responses Regarding Feeling Success Facilitating
Student Conversations. Participants were prompted to write about their ability to incorporate
mathematical discourse in their instruction. A common theme between participants was an
emphasis on their ability to get the class to engage in student-to-student conversations. Effective
facilitation of mathematical discourse transitions the role of the speaker from the teacher to
students, where greater responsibility and leadership is taken by students to guide conversations.


I can ask more open-ended questions to get the students talking about how they came
to get a certain answer.



I can provide more group conversations amongst my students.



Each week it is becoming easier and easier to let students do the talking among
themselves, especially virtually- they see each other and then talk it out as if we were
in class.
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I feel confident in incorporating mathematical discourse in my math instruction
because it gets the students really involved and talking about their math in their own
words.



The students had to explain their thinking and how they got their answer. After that
discussion I felt very successful because each student explained their answer.

Summary. Coaching cycle participants expressed growing confidence in their ability to
incorporate mathematical discourse in their instruction as a result of their work with the
instructional coach. Data collected and coded from semi-structured interviews and participant
reflective questionnaires revealed common themes where coaching cycle participants felt most
efficacious incorporating mathematical discourse in their instruction. Three central themes that
emerged related to a focus on content, finding different ways to teach the same concept, and
utilizing student work as a source of mathematical discourse.
In discussing their work with the instructional coach, a central theme of a focus on
content through co-planning and co-teaching, observation of modeled instruction, and
social/verbal persuasion from the coach served as the greatest influencing factor of self-efficacy
in instruction that incorporated mathematical discourse. Teachers discussed areas of focus in
mathematics instruction in their work with the coach as concepts they felt most confident
teaching following the coaching cycle. Similarly, mathematical concepts they felt least
efficacious teaching were areas of instruction not covered through the coaching cycle.
Participants discussed co-planning, co-teaching, observation of the coach modeling instruction,
and positive feedback from the coach as activities that benefitted their efficacy in math
instruction. All activities included a focus on specific mathematical concepts that the teacher and
coach agreed upon and planned for together. The pre-selected theme of the coaching cycle was
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on incorporating mathematical discourse, but it was a focus on content and curriculum that
participants discussed most often as leading to greater efficacy in math instruction.
Another overlapping theme included the acquisition of different instructional approaches
and strategies, especially the use of games and other hands-on activities and manipulatives, as
leading to feelings of success from what the participants considered high-engagement activities
for their students. In this way, a growing toolbox of approaches used to address the same
mathematical content and concepts was a source of efficacy for teachers. Similarly, when
teachers discussed concepts that were challenging or gave them anxiety, they discussed only
being able to teach those concepts in one way, saying that “it is what it is; this is how it’s done,”
or that a concept was, “harder to teach in multiple ways.”
Use of student work to facilitate mathematical discourse was the third most prevalent
theme in participants discussing their self-efficacy in math instruction. Teachers discussed how
they used student mathematical representation in virtual and in-person settings, especially as the
culmination of the day’s work in lesson closure and reflection in whole group. Whether using
computer screen shots online or student drawings in the classroom, all the participants discussed
their growing ability to recognize student thinking in their work and utilizing it as a source of
discussion for all the students.
The coaching cycle included three teachers and the instructional coach, but there were no
comments about a sense of community or collaboration with the other teachers in the coaching
cycle. All the teachers met for a brief reflection at the end of each week, and while the central
theme of facilitating mathematical discourse served as a common thread for each participant,
they did not discuss contributions to each other’s thinking or plans as fellow members of the
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coaching cycle. As teachers from three separate grade levels, there was little overlap in their
pacing or planning.
Action Research Question 2
After participating in a 6-week instructional coaching cycle, what evidence is there of
implementation of instructional practices related to mathematical discourse?
a. How do teachers describe their instruction?
b. Are teachers implementing instructional strategies related to mathematical discourse
with fidelity?
Semi-Structured Interview Questions
The Elementary Teacher’s Commitment to Mathematics Education Reform (Ross et al.,
2003) served as a supporting document in the development of questions analyzing perceptions
about math pedagogy as they relate to the NCTM standards and implementation of those
concepts in instruction. Special attention was given to questions related to the NCTM teaching
practice of facilitating mathematical discourse in the classroom.
The five levels of classroom discourse outlined by Hufferd-Ackles et al. (2004) in
NCTM’s (2014) Principles to Action was used as a coding resource. The five levels include
teacher role (students lead conversation as teacher guides), questioning (students ask questions of
each other and call for justification), explaining mathematical thinking (students defend and
justify answers as teachers follow closely), mathematical representations (students exhibit
mathematical thinking through drawings and other forms), and building student responsibility
(students are math leaders and help shape thinking of others in supportive ways). This resource
was used to help align instructional examples provided by teachers in interviews and reflective
questionnaires with their perceptions and commentary on incorporating mathematical discourse
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and classroom observations. Coding examples for the levels of discourse also helped to illustrate
the elements of mathematical discourse that the coach emphasized in his work with teacher
participants. Table 10 provides the frequency of examples of classroom discourse provided by
coaching participants in their semi-structured interviews following the coaching cycle.
Table 10
Frequency Count for Interview Examples of Classroom Discourse
Types of Classroom Discourse

Count

Teacher role

10

Questioning

4

Explaining mathematical thinking

18

Mathematical representations

17

Building student responsibility within the community

9

Note. Taken from “Describing Levels and Components of a Math-Talk Learning Community” by
K. Hufferd-Ackles, K. C. Fuson, and M. G. Sherin, 2004, Journal for Research in Mathematics
Education, 35(2), pp. 88-90.

Participant responses show a clear emphasis in explaining mathematical thinking and using
mathematical representations in classroom instruction, which was also reflected in their semistructured interviews.
Semi-Structured Interview Responses Regarding Explaining Thinking in
Mathematics Instruction. Coaching participants were asked to discuss what was more
important, coming up with a correct solution or explaining the process that led to that solution.
On the lower end of the Hufferd-Ackles et al. (2004) scale in the levels of classroom discourse,
the teacher focuses more on correctness and less on process, where students give succinct
responses that emphasize solutions. On the upper end of the scale, students present strategies
employed as part of a mathematical process and defend their answers with little prompting from
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the teacher. A common theme between all three coaching cycle participants was an emphasis on
students describing their process and presenting their work as more important than reaching the
correct solution.


I feel like at the elementary level, students need to be able to explain their answer
because as they move on in life, they have to explain some of the reasoning for some
of the things they do. So I would like them to explain, “Well, what did you do?” And
then maybe when you're explaining then, they'll probably find their mistake and
they'll be like, “Oh, well here's my mistake right here,” and then they'll fix it.



It's important to get the correct solution, but I think it's more important for them to be
able to explain how they came to it because yeah, if you can guess and get the right
solution, that's great, but they need to be able to explain how they actually did it
because that's the only way you're gonna know if they're getting it.



If they can explain the how and the why, then they have an understanding and they
understand the concept. If they only can tell me the answer, then I don't truly know
whether they can really do this, but if they can explain the how and the why to me,
then they know it.

These comments reflect an emphasis on process over product, where teachers are able to
evaluate a student’s level of understanding through their descriptions.
Semi-Structured Interview Responses Regarding Incorporating Mathematical
Representations in Mathematics Instruction. Participants were asked about their ability to
confidently facilitate discourse by using manipulatives and drawings as students create
representations of their mathematical thinking. Classrooms that do not emphasize use of student
mathematical representations often have them presented only by the teacher. On the higher end
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of the classroom discourse Hufferd-Ackles et al. (2004) scale, students represent their own
thinking and can shape the thinking of others through well-developed drawings and
representations. Coaching participants described using a variety of manipulatives and drawings
in the classroom and online for students to explain their thinking.


At the end of class, I picked one student's who I thought was really cool and I had
them draw it on the board and they explained it to the class.



I have all kinds of things for them to work with. I mean, any manipulative, anything
they can use, they've got a math box that has all kinds of items in it. And I don't
usually hone in on one thing. You use whatever you have to use and show me how
you got your answer. Some people don't want to use this and some people like to use
that, so I just, whatever makes you happy, use it.



Since students learn all kinds of different ways, I will sometimes have them draw.
They can build, they can use technology, whether it be a game I have, like on the
smart board.

Manipulatives are not just tools for making sense of mathematical concepts but also
enable students with disabilities and English language learners to participate more meaningfully
and equitably in classroom discourse by providing alternative methods to engage in
mathematical conversations (Fuson &Murata, 2007).
Semi-Structured Interview Responses Regarding Incorporating Different Student
Perspectives. Participants were asked to describe their ability to provide opportunities for
students to solve math tasks in different ways. A common theme between all the participants
focused on providing opportunities for students to discuss different perspectives in their
approach to solving math tasks. Just as the teacher participants focused on process over solution,
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they also discussed greater importance for students to discuss their approach to solving a
problem rather than comparing answers.


They just have a different way of thinking and that's how they achieve their answer.
And then have them show the class. This is how I got it. And it could be others in the
class that will say, well, I got the same answer, but I did it this way.



They can both share their approaches. Have them both come up and show she did it
this way and he did it that way but is it the same answer. They had it a different way
and just had them both tell the way they did it, because it might help somebody else
who didn't know they could do it that way as well.



We go over both of the different approaches as a whole class, just so we can. So other
students can see that there's multiple ways you can get to this answer and it doesn't
matter how this person did it, but they both got the right answer.

Semi-Structured Interview Responses Regarding Incorporating Reflection Into the
End of Every Lesson. When asked about some of the most important things they learned and
adopted through the coaching cycle, all the participants expressed recognizing the necessity of
including meaningful reflection and closure at the conclusion of every lesson, both due to the
urging of the instructional coach and upon understanding its value and importance after regular
implementation of reflective practices.


The coach showed us how important reflection was to do every day. So it got easier
to do it every day. Just kind of make a habit of it.



I will just have them, whatever we've done, if there's something that stands out, right
or wrong, it doesn't matter, just to make sure that that's the one thing that we focus on
when we have closure, just so they can all see it and we can talk about it.
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Reflective Participant Questionnaires
Coaching Cycle participants discussed examples of student work and lesson
implementation when answering many of their weekly questionnaires. Responses were coded
again for inclusion of the five levels of classroom discourse outlined by Hufferd-Ackles et al.
(2004) in NCTM’s (2014) Principles to Action. Like comments from their unstructured
interviews, teachers provided the most examples of explaining mathematical thinking and using
mathematical representations in their responses. Table 11 lists the types of classroom discourse
and frequency of examples in questionnaire responses.
Table 11
Frequency Count for Questionnaire Examples of Classroom Discourse
Types of Classroom Discourse

Count

Teacher role

4

Questioning

1

Explaining mathematical thinking

15

Mathematical representations

14

Building student responsibility within the community

6

Note. Taken from “Describing Levels and Components of a Math-Talk Learning Community” by
K. Hufferd-Ackles, K. C. Fuson, and M. G. Sherin, 2004, Journal for Research in Mathematics
Education, 35(2), p. 88-90.

Reflective Questionnaire Responses Regarding Explaining Thinking in Mathematics
Instruction. When asked to provide examples of mathematical discourse in math instruction,
every teacher gave at least four examples of explaining mathematical thinking in their
questionnaire responses. These included examples from both in-person and virtual settings.


The kids had to find two cards from a pile that made five and explain how they knew
it made five (counting, adding, etc.). We did this activity every day and by the end of
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the week, the students could go in more depth with their thinking and that was really
successful for me.


We will display student’s work virtually and talk about each other’s thinking just as
we would if we were all together in the classroom.

Reflective Questionnaire Responses Regarding Incorporating Mathematical
Representations in Mathematics Instruction. As in their responses regarding explaining
mathematical thinking, teachers discussed examples of in-person and virtual incorporation of
mathematical representations. Each teacher discussed at least three examples of mathematical
representations in their questionnaires.


I felt successful co-running a station that allowed students to create and talk about
various repeating and growing patterns through using many hands on manipulatives.



Even though we are virtual, we screenshotted pictures of individual student work
when they held up the piece of paper they were working on. We plan to display their
pictures and hold a discussion about each other’s work and thinking.

The instructional coach and the coaching participants had students create mathematical
representations whether they were meeting in person or online. Online contributions included the
use of high- and low-tech solutions, ranging from open access manipulative programs to pencil
and paper drawings that the students held up to the camera.
Classroom Observations
The RTOP was utilized to collect quantitative data on classroom observations for this
study (Sawada et al., 2002). The RTOP is a 25-item Likert-scale instrument comprised of three
scales: lesson design and implementation, content, and classroom culture.
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The study was designed to include three observations of each teacher during the coaching
cycle and one observation after the coaching cycle concluded. The observations were planned to
be conducted in person, but the third observation was conducted online due to restrictions on
school gatherings created by COVID-19. The second observation of Teacher 2 was not able to be
completed. In-person observations were conducted three times in increments of 40 minutes each.
The online observations were conducted one time on each participant for 20 minutes.
Table 12 illustrates the total scores for each coaching cycle participant at each
observation. The maximum score for the Classroom Culture section is a 40 but does not
represent an achievable total in a single lesson observation. The Classroom Culture scale is made
up of ten items, including five items each in Communicative Interactions and Student/Teacher
Relationships. Each item is scored on a scale of 0 (never occurred) to 4 (very descriptive).
Communicative Interactions is designed to measure the level of discourse among students in the
classroom, with an emphasis on guided student talk over teacher lecture. Student/Teacher
Relationships is designed to measure the teacher’s effort to encourage and facilitate meaningful
mathematical discussions among students.
Table 12
RTOP Classroom Observation Scores for Classroom Culture
Coaching
Participant
Teacher 1

Observation 1

Observation 2

Observation 3

Observation 4

22

NA

20

22

Teacher 2

29

29

23

20

Teacher 3

19

20

23

24

Note. RTOP = Reform-Oriented Teacher Observation Protocol.
Because subscales may be used in place of the entire instrument and due to this study’s
focus on mathematical discourse, only the Classroom Culture subscale of the RTOP was used for
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data collection. Each item in this subscale relates most specifically to mathematical discourse.
Table 13 provides the four highest subscale average scores for all three coaching cycle
participants.
Table 13
Highest Subscale Scores for Classroom Culture
Subscale

Average Score

Communicative interactions - There was a climate of respect for
what others had to say.
Student/Teacher Relationships - In general, the teacher was
patient with students.
Student/Teacher Relationships - Active participation of students
was encouraged and valued.
Communicative interactions - Students were encouraged to
generate conjectures, alternative solution strategies, and ways of
interpreting evidence.

3.4
3.1
2.3
2.3

Action Research Question 3
After participating in a 6-week instructional coaching cycle, how do teacher participants
describe the value of collaboration through instructional coaching?
The instructional coach and principal met with coaching cycle participants at the
beginning of the cycle to establish an understanding of facilitating mathematical discourse with
the participants and develop plans that incorporated those elements. The coach regularly engaged
in co-planning with teachers (primarily on Friday workdays), daily co-teaching during in-person
and virtual instruction, and group debriefing sessions.
Semi-Structured Interview Questions
Questions addressing action research question three were developed by the researcher
and instructional coach to determine the value of collaboration through the instructional coaching
model. The questions were created through a synthesis of Sweeney and Mausbach’s (2018)
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rubrics for effective instructional coaching and Darling-Hammond et al. (2017) design elements
from Effective Teacher Professional Development. These questions were included at the end of
the coaching cycle.
Semi-Structured Interview Responses Regarding Modeling by the Instructional
Coach. All three coaching participants discussed the importance of the instructional coach
modeling aspects of instruction first before they implemented it in class. This included modeling
of number talks (a whole group introduction to math work for the day), small group stations, and
whole group reflection at the conclusion of a lesson


One of the greatest benefits was having Mr. Jones in the classroom to teach it first
and model the way that it should be taught, and not that it was being taught wrong but
just a different approach to things.



Usually he would do a number talk and then I would try to do it myself, like the next
day, and we'd kind of just rotate. I would definitely want a day of watching him.



He just modeled a lot, and I think he taught me a lot of different resources that we
could use in games and stuff. So I feel like that really contributed to my learning
because I got to see and learn about all these different resources.

All of the teachers discussed modeling as a way to become familiar with concepts and
methods before implementation. This form of vicarious experience was given consistently
positive reflection in both virtual and in-person instructional settings.
Semi-Structured Interview Responses Regarding Support for Implementation of
New Practices. Pre-interview data indicated that participants wanted to find different ways to
teach mathematical skills that included a high degree of student engagement. When asked about
the ways in which the instructional coach supported the implementation of new practices, all the
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coaching cycle participants discussed the usefulness of new approaches and resources introduced
by the instructional coach through co-planning as a means to increase student engagement and
learn content through different methods. Common themes from their responses included the use
of math games, engaging number talks, and class reflection/closure.


I told him what standard we working with and he said, “Okay, this is what we have.”
So he would just keep dishing out different things. You could do different ways. So
every day we could actually do something totally different than we did the day
before.



I learned things I didn't already know about teaching math and was able to bring in
more engaging number talks. I didn't really know how to do class closures either. I
would always kind of forget that last year.



There's so much more material that we can use now that Mr. Jones has actually
shown what we can go to and use for fractions and how they can use real world
examples.

PD seeks to change or improve teaching practices and student outcomes. Comments by
participants in this study suggest their belief that the sharing and implementation of engaging
resources helps to improve their capacity to teach content in new and different ways.
Semi-Structured Interview Responses Regarding the Coach’s Presence in the
Classroom. When asked about the most meaningful aspect of their work with the coach, two out
of three coaching cycle participants commented on the advantage of having an instructional
coach present in the room to lead a small group or make a spontaneous observation or activity.
The advantages included the excitement of the students and the added productivity of having
another teacher-managed learning station.
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I would say just having an extra person in the classroom, because he was able to work
with a group. I was able to work with a group and I felt like we were really getting a
lot done. Whereas usually I don't have that extra hand to kind of watch another group,
so I think that was really good for us and the students.



Having him there with us as a group, because he could intervene at any time. And if
he saw an opportunity to just take over or just say something in a different word, if he
didn't think this one was getting it, he would just reword it or just do something
different and they would, you know, they would understand. It's just the way he
approaches things differently.

An unintended advantage of co-teaching was the positive emotional state created in
sharing the workload of classroom instruction with another professional.
Reflective Questionnaires
Reflective questionnaire prompts for Question 3 were developed by the researcher and
instructional coach to examine new understandings and challenges that arose during the
instructional coaching cycle.
Reflective Questionnaire Responses Regarding Advantages of Co-Planning.
Responses related to co-planning gave particular emphasis to the advantages of getting new
material for lessons and adapting lesson plans and activities for the virtual learning environment.
As noted in previous data, participants expressed their appreciation for new approaches and tools
in specific content areas as a benefit of participating in the coaching cycle.


New ideas for stations and wrap-ups.



Having new ideas for students instead of same ones from previous year’s plans.
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We focused on graphing and it was a little hard for me to wrap my head around
teaching graphing virtually, but my instructional coach helped me brainstorm many
different ways to incorporate graphing and mathematical discourse into my
instruction.



I enjoyed learning different ways I could not only teach math lessons virtually but
bring discourse into the virtual lessons. I hadn’t thought of screenshooting the
student’s work after they would hold up their paper for me.

Summary of Findings
While adapting to virtual instruction and dealing with the effects of a pandemic, teachers
worked with the instructional coach to explore new approaches and find ways to incorporate
mathematical discourse in their instruction, both in their classrooms and online. Through
collaborative work with the instructional coach, participants discussed building self-efficacy
through a focus on content, exploring different ways to teach the same mathematical concept,
and incorporating student work as a key piece of mathematical discourse in class.
After participating in an instructional coaching cycle, coaching participants described
higher degrees of confidence in facilitating mathematical discourse in their mathematics
instruction, especially during lesson introductions through number talks and during reflection
and closure at the conclusion of a lesson. Teachers also reported having more engaging activities
to implement for independent and teacher-led stations during instruction. The focus on the
NCTM practice of facilitating mathematical discourse provided clarity and purpose; however,
teachers commented more often on the benefits of learning new tools and approaches for
teaching specific content as the greatest benefit of their work with the coach.
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While coaching participants gained confidence incorporating mathematical discourse,
they also discussed areas of continued concern in their mathematics instruction, including
fractions and geometrical shapes. All the teachers reported a strong appreciation for the coteaching aspects of the instructional coaching cycle, which provided the benefit of observing the
instructional coach and having him present to run another teacher-led small group station.
Whether teaching in-person or virtually, all the coaching cycle participants discussed the
advantages of co-planning on instructional goals with the coach. The impact of moving to virtual
instruction did not diminish the value of co-planning but instead appeared to make it even more
valuable and meaningful to the teachers, as the coach was able to supply materials and model
instruction no matter what the setting.
The instructional coach was able to achieve coaching goals with each participant but
working with teachers from separate grade levels required planning and discussions for three
different areas of instruction. The overarching theme of facilitating mathematical discourse
created some continuity but planning with three grade levels created three roads on which to
travel each day.
This action research study examined the impact of instructional coaching on teacher
perceptions of self-efficacy in mathematics instruction and observed implementation of
instructional practices as they relate to the NCTM mathematics teaching practice of facilitating
meaningful mathematical discourse.
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CHAPTER 5
RECOMMENDATIONS
Summary of Findings
PD often fails to result in lasting change when it concludes with educators returning to
the isolation of their classrooms without further engagement or support. “Change in teacher
practices is more likely to occur if teachers are provided with a mentor or coach who is
physically present and engaged in supporting, encouraging, and guiding them” (Spelman et al.,
2016, p. 32). Instructional coaching has the potential to address many of the necessary factors of
PD to influence teacher practice, including a focus on content, collaboration, use of modeling,
expert support, and opportunities for feedback and reflection (Darling-Hammond et al., 2017).
The purpose of this action research study was to examine the influence of instructional
coaching on teacher perceptions of self-efficacy in mathematics instruction and observed
implementation of instructional practices as they relate to the NCTM mathematics teaching
practice of facilitating meaningful mathematical discourse. Semi-structured interviews and
reflective questionnaires provided data that were analyzed using Saldaña’s (2016) coding
methods. Classroom observations conducted over the duration of the 6-week coaching cycle
provided quantitative data on the implementation of instruction in the classroom.
Year 1 of instructional coaching at RCEM served as the first steps in forming this action
research study. During that time, instructional coaching was conducted one-on-one between the
coach and each participant. These coaching cycles focused more heavily on content than
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pedagogy. Through reflection and learning following coaching activities conducted during that
time, the instructional coach recognized the need to emphasize three key aspects in refining the
coaching model for Year 2. These included connecting coaching cycle participants to create an
added level of collaboration, transitioning modeled instruction by the coach to implementation of
modeled strategies by the teacher with coaching feedback, and incorporation of best practices in
mathematics pedagogy in coaching cycle activities.
Teachers in this study reported growing levels of self-efficacy in mathematics instruction
that included a pattern of modeling by the instructional coach (vicarious experience), successful
implementation of those same strategies and practices in their own instruction (mastery
experience), and positive feedback and insight from the instructional coach following lessons
(social/verbal persuasion). Coaching cycle participants discussed the importance of getting ideas
from the coach and observing modeled instruction before implementing new instructional
practices. As the coaching cycle progressed, the coaching relationship became more
collaborative through co-planning and co-teaching, where responsibility for lesson planning and
instruction was shared. Supporting teachers in the NCTM teaching practice of facilitating
mathematical discourse served as the backdrop throughout the coaching cycle, but it was a focus
on content with the instructional coach that teachers mentioned most often in discussing their
growing comfort in math instruction. Coaching participants expressed the value of learning new
ways to begin class (number talks), engaging games to develop skills, and different methods of
whole group reflection using student work.
Coaching participants reported growing confidence in the mathematical content that they
focused on with the coach during the cycle. They also identified aspects of mathematics
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instruction where they felt less efficacious; however, none of these topics were covered during
the coaching cycle.
Evidence of implementation of best practices related to mathematical discourse was
found in interview responses, questionnaires, and classroom observations, whether class was
conducted in person or virtually. Lessons observed online included unique elements of classroom
discourse that might otherwise be unachievable in an in-person setting, as virtual classrooms
were limited to no more than three or four students. While all of the teachers expressed concern
over how they would be able to incorporate mathematical discourse in a virtual setting, all were
able to experience success through collaboration with the instructional coach. The tools for
instruction had changed, but once again it was a focus on varied approaches in the content that
most influenced teacher efficacy in math instruction.
The coaching cycle participants also highlighted the advantages of co-teaching and coplanning with the instructional coach in their semi-structured interview responses and weekly
reflective questionnaires. On a more basic level, they identified the presence of another highly
qualified educator in the room to help carry the load of some instructional responsibilities,
including leading small group stations and rephrasing explanations of instructional concepts for
better understanding, as one of the primary benefits of their involvement in a coaching cycle.
Teacher participants were able to discuss the benefits of collaboration with the instructional
coach at length, but they did not have many comments about their collaboration with the other
coaching cycle participants. A strong collaborative community is an important component of
effective PD (Campbell, 2012; Darling-Hammond et al., 2017; Guskey, 2003; Neumann, 2014).
Creating a community of professional learners expanded beyond one-on-one relationships
between the instructional coach and teacher has a broader impact as, “teachers create a collective
103

force for improved instruction and serve as support groups for each other’s work on their
practice” (Darling-Hammond et al., 2017, p. 10). Teachers working together with common
interests and challenges develop a stronger system of support.
Instructional coaching has the potential to address many essential aspects of effective PD,
but it also has its limits, especially in rural school divisions where personnel resources are
limited. There are only so many classrooms where one coach can be during a coaching cycle, and
only so many areas of content that one coach can research and support at one time. The coaching
participants for this study, who ranged from kindergarten to second grade, discussed a wide
range of skills and knowledge for which they co-planned and co-taught with the instructional
coach. These skills included fact fluency for parts of five, graphing, two-digit addition and
subtraction, recognizing and creating patterns, and other topics. Coaching teachers from separate
grade levels created three separate coaching islands, and while facilitating mathematical
discourse served as a common thread, it resulted in challenges for the coach to focus on content.
Researcher memos indicated that despite the challenges associated with the pandemic, the
instructional coach’s greatest source of frustration was in the wide range of planning conducted
over three grade levels. High quality instructional coaching is a highly involved process that
includes a wide range of collaborative activities to provide the most concentrated support for
coaching participants (Hansen, 2016; Knight, 2007; Sweeney & Mausbach, 2018).
Action Research Question 1
After participating in a 6-week instructional coaching cycle, how do teacher participants
perceive and describe their levels of self-efficacy in mathematics instruction related to
mathematical discourse? Responses to questions regarding their feelings about their ability to
incorporate reform-oriented practices in mathematics instruction and comments from their
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reflective questionnaires provided insight on their perceptions of self-efficacy in mathematics
instruction.
Teachers discussed growing self-efficacy in the areas of instruction they collaborated on
with the instructional coach, including parts of a whole, patterns, and graphing. They also
discussed anxiety over what concepts they would be teaching next, which included measurement,
fractions, and 3-digit addition and subtraction. Participating teachers were able to grow their selfefficacy through a focus on content and curriculum in collaboration with the coach, but there
remained feelings of low self-efficacy as they looked toward the future of what came next in
their pacing and instruction after the instructional coach transitioned to a new coaching cycle
with different teachers.
Collaboration through co-planning and co-teaching was a common theme as a
contributing source to self-efficacy in mathematics instruction. Through co-planning, teachers
discussed how they were able to build variety into their pedagogy. One teacher commented that
she was, “much more confident than before because of the different ways and different models
and things that we can go to now to use.” Comments by the other coaching cycle participants
echoed an appreciation for building a tool set of games, activities, and approaches to teach
mathematical concepts. Collaboration through co-teaching led to the shared implementation of
those activities and feelings of success as students engaged in these activities with the teacher
and each other.
All three teachers discussed a pattern of modeling of instruction by the coach,
implementation of instruction by the teacher, and feedback from the coach following instruction
as a repeating cycle of vicarious experiences, mastery experiences, and social persuasion. Other
anticipated forms of social persuasion that were largely absent in their comments were
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discussions about gaining strength and knowledge from each other through weekly group
reflection sessions with the instructional coach. Two of the teachers commented on the benefit of
being able to share and discuss ideas in those group settings, but those comments were more
generalized and did not pinpoint any distinct advantages or learnings from each other. One
teacher commented, “We were all kind of similar in age groups, so that was kind of nice to hear
different things and different ways that they did something.” As this coaching cycle included
three teachers from three separate grades, each of them were planning for different math content
in their work with the instructional coach.
As teachers grew their feelings of self-efficacy in facilitating mathematical discourse,
there also appeared to be increased enjoyment in using it as an instructional practice in daily
routines. Comments about mathematical discourse in later reflective questionnaire entries
revealed excitement for mathematical student discussions, including comments like, “YAY!” and
“I love doing this!” These and other comments evidenced a positive emotional state, one of
Bandura’s (1977) contributing elements to self-efficacy, regarding their work with the
instructional coach and exploring new approaches.
Action Research Question 2
After participating in a 6-week instructional coaching cycle, what evidence is there of
implementation of instructional practices related to mathematical discourse? How do teachers
describe changes to their instruction? Are teachers implementing instructional strategies related
to mathematical discourse with fidelity? Information collected on this question came from semistructured interview questions and reflective questionnaires focused on teaching practices, as
well as classroom observations performed by two raters.
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Whether online or in person, there were examples of teachers’ attempts to incorporate
mathematical discourse found from comments in interviews, reflective questionnaires, and
observational data. Classroom observations highlighted a focus on creating a classroom culture
that included the voices of each student, as teachers showed a high degree of patience in
allowing students to express their methods and thinking as they explained their mathematical
processes. As one teacher noted, “students need to be able to explain their answer because as
they move on in life, they have to explain some of the reasoning for some of the things they do.”
As research has shown, instruction that focuses on student thinking not only develops student
conceptual understanding but also teacher efficacy in mathematics instruction (Ebby, 2000;
Geist, 2010; Gresham, 2010).
There was also evidence of teachers incorporating student representations of their
mathematical work, as all three participants discussed and displayed student work as the focus of
closure and reflection at the conclusion of every lesson. The use of student mathematical
representations to drive class discussion was a common theme for all of the teachers, and an
essential component for facilitating meaningful mathematical discourse (NCTM, 2014;
Neumann, 2014).
Observed virtual lessons included teachers creating opportunities for students to lead
lesson discussion, whether through playing math games like guess my number, or telling the
teacher how to change the information on a graph based on new data. While this study did not
seek to examine the impact of instructional coaching on virtual teaching practices, it was clear
that the participating teachers maintained a focus on facilitating classroom discourse as they
transitioned from hands-on, in-person environments to virtual spaces and online manipulatives
and tools.
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A common theme discussed by participants as an advantage of their work with the
instructional coach was the collection of teaching resources, especially games, both for in-person
and virtual learning. As one teacher said, “I have a new understanding of ways to incorporate
learning for students with new stations and games to teach them.” When discussing feelings of
success incorporating mathematical discourse, teachers described things that students played or
created. Activities that they considered to be highly engaging provided added motivation to
student participation and greater opportunity for discussion with students about their reasoning
and mathematical approaches. In this way, instructional coaching can grow efficacy by
developing content knowledge through collaborative co-planning (Polly et al., 2015) while
providing direct one-on-one support in the classroom during implementation (Campbell &
Malkus, 2011; Spelman et al., 2016).
A focus on the NCTM best practice of facilitating mathematical discourse yielded
observable results. One reoccurring theme the teachers expressed was the benefit of learning to
teach content and skills in different ways. Teachers emphasized the resources and practices they
acquired as they explored content and curriculum, most of which included elements of the
central theme of facilitating mathematical discourse. Through this focus on an NCTM
mathematics teaching practice, coaching participants discussed an increased recognition of the
importance of student-led reflection, incorporation of student work to drive class discussion, and
emphasizing student thinking overreaching correct answers.
Action Research Question 3
After participating in a 6-week instructional coaching cycle, how do teacher participants
describe the value of collaboration through instructional coaching? Semi-structured interview
and reflective questionnaire responses regarding the coaching relationship and activities were
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utilized to provide information about teachers’ perceptions of the value of the collaborative
instructional coaching experience.
One of the advantages of co-teaching discussed by all of the coaching participants was
the coach’s ability to introduce resources and approaches that enabled teachers to address a skill
in multiple ways and with varied activities. Teachers appreciated new math games and hands-on
activities that they were able to incorporate in their instruction through their work with the coach.
All the teachers discussed difficulty in only knowing one way to address a mathematical concept
and that the instructional coach was able to help them teach the same concept with variety.
Similarly, teachers also commented on the advantage of having the instructional coach
present in the room to rephrase instruction or provide new examples to further illustrate a
concept. Other advantages of co-teaching included working through small group stations
together and separately. All the participants commented on the productive advantages of having
the instructional coach in the room to provide a double-dose of teacher-guided instruction for
students rather than another independent station.
The instructional coach discussed the challenges of co-planning and co-teaching for three
different grade levels in one coaching cycle. One of the motivating factors for selecting teachers
from different grade levels was to enable the coach to co-teach with each teacher without
scheduling conflicts, as each teacher would have recess and specials/electives at separate times.
While this may have provided better scheduling opportunities, it also presented a much wider
field of work for the instructional coach to manage with each participant. Apart from organizing
materials for three different grades, there was also the disjointed nature of co-teaching three
different age groups of students. Kindergarten and second grade students are only two years
apart in age, but they are significantly different regarding social and academic development.
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Implications for Planning, Policy, and Leadership
Instructional coaching as a form of PD has the potential to provide continuous support
and engagement for coaching participants, where they have the opportunity to develop selfefficacy and pedagogy in the context of their own classrooms with their own students each day
through the support of a resident expert (Campbell & Malkus, 2011; Polly et al., 2015; Spelman
et al., 2016). Schools are complex systems that include both rigid and flexible features that
school leaders, coaches, and teachers must manage in order to facilitate the systems necessary for
effective and efficient working relationships. Addressing teacher efficacy should be a priority in
any school’s professional learning plan as it has been proven to be significantly related to student
achievement (Goddard, 2001; Tschannen-Moran et al., 1998). Instructional coaching can serve
as a strong component of professional learning, as research indicates that PD that supports
mastery experiences with follow-up coaching as having the strongest effect on self-efficacy
beliefs (Tschannen-Moran & McMaster, 2009).
In school divisions where resources are limited, it is necessary to manipulate what is
flexible in a school to create a schedule where the coach can provide the greatest benefit for the
most teachers possible. On a basic level, a mathematics instructional coach cannot co-teach with
three math teachers if they all have math at the same time each day. Manipulating school
structure to focus the work of the coach on the needs of teachers can help secure a richer
experience for coaching cycle participants and a manageable workload for the coach.
Furthermore, establishing continuous systems of collaboration that extend beyond coaching
cycles and include members of similar grade level teams or content areas would help increase the
duration of professional learning. Instructional coaching has the potential to address many
elements of effective PD (Darling-Hammond et al., 2017) but can be limited in duration if not
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supported through other forms of collaborative professional learning. While this study did not
seek to examine collective efficacy, a wide range of research shows that the efficacy of an
organization is more powerful than that of the individual (Bandura, 1993; Goddard, 2001;
Goddard et al., 2000. Building collaborative structures that include instructional coaching as one
element would create more opportunity to build teacher efficacy in a comprehensive and
continuous way. As Goddard et al. (2015) has shown, “it is the shared interactions among group
members that serve as the building blocks of collective efficacy” (p. 504).
Developing teacher efficacy and instruction can be accomplished through a collaborative
focus on content, where teachers expand their ability to teach topics with variety as they explore
highly engaging activities and new approaches. Incorporating best practices from research in this
work, such as the NCTM (2014) Mathematics Teaching Practices, can further deepen teacher
pedagogy in mathematics in the process. Table 14 outlines the findings from this action research
study, related recommendations and supporting literature.
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Table 14
Recommendations Related to Action Research Findings
Findings
Teachers reported growing selfefficacy in math instruction most
through:
- Collaboration through coplanning and co-teaching
- Learning new approaches to
teach the same concept
- Observing modeled instruction
and implementing it later with
subsequent feedback

Related Recommendations
Use team-based lesson
study to continue
collaboration after a
coaching cycle.
Develop systems for peer
observation and feedback.

Teachers felt they developed
Continue incorporation of
their ability to incorporate
NCTM (2014) teaching
mathematical discourse most
practices in professional
through:
development and coaching
- Using student mathematical
cycles.
representations for discussion
and/or whole group reflection
Establish a resource bank
- Increasing student
for high engagement
engagement, especially
activities aligned with
through math games and use
essential skills in
of manipulatives
mathematics.
- Emphasizing student thinking
over correctness
Note. NCTM – National Council of Teachers of Mathematics.

Supporting Literature
Darling-Hammond et al.
2017; DarlingHammond &
Richardson, 2009;
Gibbons & Cobb, 2016;
Goddard et al., 2000;
Goddard et al., 2015;
Guskey, 2003;
Neumann, 2014; Ridge
& Lavigne, 2020;
Schipper et al., 2020
Bay-Williams & Kling,
2014; Coleman, 2020;
Darling-Hammond et al.
2017; NCTM, 2014

Policy/Practice Recommendation 1
Collaboration can operate on a narrow scale between two people or on a much larger
scale between multiple stakeholders. This 6-week coaching cycle included an instructional coach
and three teachers, but the collaborative experience was mostly conducted one-on-one between
the coach and each teacher due to the differences in content planning between separate grade
levels. Furthermore, the length of the coaching cycle was limited in its duration of sustained
support, as instructional coaches move on to work with other teachers in new cycles. Expanding
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the number of collaborators in purposeful work can help create a greater sense of connectivity
and purpose (Chester & Beaudin, 1996; Darling-Hammond et al., 2017; Guskey, 2003).
Extending the duration of PD is necessary to create lasting change in instructional practices and
teacher efficacy (Darling-Hammond et al., 2017; Darling-Hammond & Richardson, 2009;
Spelman et al., 2016; Wei et al., 2010). To achieve both of these goals, it is recommended that
coaching cycles incorporate multiple individuals from the same grade level or content area as
teams that can continue their work through lesson study to extend the benefits of collaboration
outside of a coaching cycle.
Effective PD engages teachers in a collaborative process where through, “ongoing
opportunities for collegial work, teachers learn about, try out, and reflect on new practices in
their specific context, sharing their individual knowledge and expertise” (Darling-Hammond &
Richardson, 2009, p. 49). The instructional coach can facilitate conversations as an expert in the
field but would have a greater opportunity for idea sharing, building off individual success, and
engaging teachers in discussions that are relevant to each participant when there is commonality
between participants. Engaging teachers from the same content area or grade level team in an
instructional coaching cycle helps create a trusting community of practice where teachers can
take risks and share successes and learning as part of a collective effort to achieve agreed upon
goals (Campbell, 2012; Darling-Hammond et al., 2017; Guskey, 2003; Neumann, 2014).
Moreover, it creates a larger support network where teachers can rely on each other and not just
the instructional coach as they problem-solve and explore new approaches together (DarlingHammond et al., 2017).
Working with one grade level would also provide the instructional coach an opportunity
to focus more intently on the shared needs of a group. Splitting the work of the instructional
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coach across multiple grade levels in one cycle diminishes the depth of instructional support that
can be provided to each teacher. Furthermore, to make an impact on core instruction and student
achievement on a broader scale, working with an entire grade level team of elementary school
teachers could enrich the learning experience for every student in the grade, not just those whose
teacher is participating in a coaching cycle.
Following the completion of this study, a coaching cycle was conducted with all of the
teachers from the kindergarten team. This provided an opportunity to co-plan as a group of five
rather than a group of two, creating more avenues for idea sharing and discussion. It also
facilitated a greater degree of feedback, as teachers felt more comfortable video recording
themselves teaching and discussing it with their peers afterwards. Ideally, there would be an
instructional coach per grade level to provide ongoing coaching throughout an entire academic
year. This would help guarantee support through every aspect of content rather than only
periodically throughout the year. However, most schools lack the staffing and budget to fulfill
this goal, which requires finding other ways to develop collaboration outside of instructional
coaching cycles.
Lesson study, a concept developed in Japan that focuses on collaborative teacher inquiry
into instructional challenges, research of those challenges, lesson development, and feedback
following implementation, has the potential to sustain the work that was established in
collaborative teams with an instructional coach after a coaching cycle has ended (Schipper et al,
2020). Co-planning alone is an insufficient source of change if the implementation of those plans
is conducted in the isolation of separate classrooms without opportunities for feedback or
reflection. As Guskey (2003) noted, “For collaboration to bring its intended benefits it, too,
needs to be structured and purposeful, with efforts guided by clear goals for improving student
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learning” (p. 749). Lesson study focused on content and best practices has the potential to
positively impact teacher efficacy and student achievement (Gibbons & Cobb, 2016; Goddard,
2001; Guskey, 2003; Shidler, 2009). An engaged collaborative community can also provide
increased social persuasion through the dialogue of research and lesson planning, and “people
who are socially persuaded that they possess the capabilities to master difficult situations and are
provided with provisional aids for effective action are likely to mobilize greater effort than those
who receive only performance aids” (Bandura, 1977, p. 198).
Policy/Practice Recommendation 2
Increasing teamwork through lesson study would strengthen collaboration and create a
sustained duration of support, both of which are vital components of effective PD (DarlingHammond et al., 2017; Guskey, 2003; Tschannen-Moran & Woolfolk Hoy, 2007). Feedback and
reflection is another essential component of adult learning (Knowles, 1975). In their analysis of
effective PD studies, Darling-Hammond et al. (2017) found that, “Professional development
models associated with gains in student learning frequently provide built-in time for teachers to
think about, receive input on, and make changes to their practice by providing intentional time
for feedback and/or reflection” (p. 14). Instructional coaches are limited in their ability to
provide continuous feedback to teachers due to time constraints and the nature of evolving
coaching cycles that include different teachers. It is recommended that systems of peer
observation and feedback be developed to further compliment the coaching model as a sustained
system of professional learning support.
Teacher collaboration through observing each other’s practices and giving each other
positive feedback has been shown to increase levels of teacher self-efficacy (Chester & Beaudin,
1996; Tschannen-Moran & Woolfolk Hoy, 2007), and has been recognized as a key component
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of high-quality PD when it is focused on pedagogy and student engagement (Elek & Page, 2019;
Guskey, 1984). According to Goddard et al. (2015), “one of the most powerful forms of
intensive teacher collaboration that principals can support is teachers’ observations of others’
classrooms to form common understandings of good teaching practice” (p. 526).
While peer observations can increase the frequency and volume of observational
feedback, considerations should be given to the level of training and support provided in
conducting observations and feedback. The use of targeted observational tools such as the RTOP
(Sawada et al., 2002) used in this study can help guide peer to peer feedback but only if there is
an understanding of the tool’s purpose, use, and meaning. Purposeful, informed observation and
feedback can lead toward improved instruction and self-efficacy, but ill-informed or misguided
feedback can also have the opposite effect (Ridge & Lavigne, 2020)
Policy/Practice Recommendation 3
This action research study included the NCTM (2014) Mathematics Teaching Practice of
facilitating meaningful mathematical discourse as a central theme of the coaching cycle. As the
instructional coach and teachers explored content and curriculum relevant to their pacing and
lesson plans, the collection of lessons and activities maintained a continuous through line of
promoting mathematical discourse between the teacher and students. Examples of discourse were
found in teacher comments as they expressed their growing priorities to include discourse in
daily routines such as number talks, game-based exercises, student created mathematical
representations, and student led reflection at the end of class. PD focused on content that is jobembedded has proven to grow teacher pedagogy and efficacy (Althauser, 2015; Antoniou &
Kyriakides, 2013; Darling-Hammond et al., 2017; Gibbons & Cobb, 2016).
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Incorporating best practices from leaders in the field of research such as NCTM can help
deepen teacher pedagogy in ways that an exploration of curriculum alone cannot. Ensuring
equity in mathematics education requires recognizing and developing the unique approaches that
students take to solving mathematical problems (NCTM, 2000, 2014; Schoenfeld, 2002). The
NCTM (2014) Mathematics Teaching Practices serve to guide teachers in pedagogy that
emphasizes a conceptual understanding of mathematics that is built on the “nonnegotiable belief
that we must develop mathematical understanding and self-confidence in all students” (p. 109).
Building teacher self-efficacy in mathematics instruction is an important task in improving
student math performance (Goddard et al., 2000; Tschannen-Moran et al., 1998). However,
efforts to improve teacher efficacy in mathematics instruction should be built around reformoriented practices that have been proven to deepen students’ conceptual understanding. Teaching
with confidence is important, but it is equally important that the right things are taught in the
right way.
Policy/Practice Recommendation 4
Coaching cycle participants in this study regularly discussed the advantages of learning
new approaches to teaching a mathematical concept through their work with the instructional
coach, especially approaches that they considered highly engaging for students. Teachers
discussed the use of games, manipulatives, and tools for creating mathematical representations as
some of the most successful lessons and activities they conducted during the coaching cycle. As
the coaching participants looked for ways to facilitate mathematical discourse, it was equally
important to find the right activities to engage students in meaningful tasks. While a focus on one
of the NCTM (2014) Mathematics Teaching Practice can help deepen pedagogy and drive
planning, teachers need a robust curriculum to be able to implement best practices. It is
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recommended that a bank of high-engagement activities and lessons be developed to support
teachers as they work to match activities, games, and lessons to essential skills that are based on
NCTM Mathematics Teaching Practices.
As Guskey (2003) points out, “Helping teachers to understand more deeply the content
they teach and the ways students learn that content appears to be a vital dimension of effective
professional development” (p. 749). A focus on content that includes access to research-based
strategies can help grow a teacher’s toolbox for instruction. Instructional coaches can support
teachers by creating a bank of activities that are grounded in research and best practices. As BayWilliams and Kling (2014) discussed:
Games can help students develop and practice new approaches as they transition from
using concrete tools to counting to using mental reasoning strategies. But games support
strategy development only when the use of reasoning strategies is explicitly built into the
games and reinforced through student-teacher and student-student interactions. When this
happens, students’ reasoning strategies develop along with their motivation, interest, and
desire to be challenged. (p. 135)
Even the best curriculum, games, and activities are only successful when they are implemented
with an understanding of the mathematical teaching practices that make them meaningful.
Pairing good content with good pedagogy is necessary to lead to the best outcomes.
These recommendations and other adaptations will be under consideration as RCEM
continues to refine their instructional coaching model through future coaching cycles. The most
effective forms of PD include work that is job-embedded, sustained over time, collaborative, and
includes expert support (Althauser, 2015; Darling-Hammond et al., 2017; Guskey, 2003;
Tschannen-Moran & Woolfolk Hoy, 2007; Tschannen-Moran et al., 2009; Zambo & Zambo,
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2008). Although participants in this study valued their work with the instructional coach, there is
also evidence that instructional coaching alone is limited in its ability to provide a sustained
duration of professional support. RCEM includes a staff of 25 classroom teachers with only one
instructional coach. Maximizing the impact on teacher efficacy in mathematics and classroom
instruction can be increased by expanding the collaborative professional network, extending the
duration of the work on grade level teams, and incorporating more opportunities for feedback
and reflection with those teams. Pairing professional learning concepts such as lesson study,
communities of practice, or professional learning communities with instructional coaching can
help expand the impact of a coaching cycle to include an entire academic year or longer (la
Velle, 2020; Schipper et al., 2020).
It will also be important to continually identify areas where teachers feel least efficacious
in determining how to target professional support. Instructional coaching that focuses on content
where teachers struggle can provide the greatest benefit for what they identify as their greatest
needs (Gibbons & Cobb, 2016; Martin et al., 2019; Neumann, 2014). When teachers have a
voice in choosing their PD, it increases engagement and implementation in the classroom (Gilles
et al., 2010).
In my role of researcher as participant, my contributions to the coaching cycle were not
emphasized or measured in this study. As the instructional leader of the building, it will be
necessary to support and lead professional growth in future coaching cycles and other associated
activities. Not only can principals contribute to building self-efficacy through social persuasion
as members of a coaching cycle team, but they also illustrate how coaching cycle goals
contribute to the school’s mission and vision, giving further relevancy and meaning to the work
(Sweeney & Mausbach, 2018). Active participation by the principal can serve as a catalyst for
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teacher collaboration, as school leaders are crucial in providing instructional leadership and the
structures for the significant time commitment instructional coaching requires (Goddard et al.,
2015).
As a school leader, the principal plays a vital role in establishing the instructional vision
of the school. While it may not be feasible to be involved in every aspect of professional learning
in the school community, principals have an opportunity to set expectations and provide
accountability that coaches cannot and likely should not (Sweeney & Mausbach, 2018). School
leaders can contribute to coaching cycles in the form of observational feedback specific to the
targeted content area and practices and should participate in planning or reflection meetings with
coaching cycle participants whenever possible.
Social persuasion, or verbal encouragement and affirmation from others persuading them
that they can be successful (Bandura, 1977), was employed by the instructional coach in this
study through co-planning sessions that included reflection on the previous week’s work, emails,
text messages, and informal conversations. All of the coaching cycle participants in this study
noted their feelings of accomplishment through positive feedback and encouragement from the
instructional coach. The school principal can provide the same recognition to help promote
positive feelings and motivation concerning their work. Providing observational feedback can
also give teachers and the instructional coach a sense of legitimacy and purpose as the school
leader recognizes what is accomplished in the classroom. As Goddard et al. (2015) found,
“schools in which principals were reported by teachers to frequently monitor instruction and to
provide relatively strong instructional guidance were the ones most likely to be characterized by
high levels of collective work among teachers to improve instruction” (p. 484).
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Summary
Developing self-efficacy in mathematics instruction for elementary school teachers is
crucial in supporting equitable learning outcomes for all students. Even at the age of seven, a
student’s math achievement can predict future socioeconomic status (Ritchie & Bates, 2013).
Working with teachers to develop pedagogy and self-efficacy in mathematics can contribute to
student outcomes in mathematics (Goddard et al., 2000; Tschannen-Moran et al., 1998) and by
extension their future success as adults. Improving student performance in mathematics,
especially on the elementary school level, begins by addressing the documented shortage of
teacher self-efficacy in mathematics instruction (Bates et al., 2013; Cady & Rearden, 2007;
Trujillo & Hadfield, 1999).
Instructional coaching has the potential to address teacher efficacy through many of the
factors necessary for effective PD (Darling-Hammond et al., 2017). Working together with grade
level teams can provide the collaborative structures to learn from each other through vicarious
experiences that include observations and group reflections. Observation of an instructional
coach utilizing effective instructional practices and subsequent implementation of the same
instructional practices provides opportunities for complimentary vicarious and mastery
experiences. A focus on content that incorporates best practices in pedagogy and the learning
needs of students provide relevancy and fulfillment for the work at hand (Gibbons & Cobb,
2016). Targeted feedback from the instructional coach and school leader can supply a sense of
direction and achievement through thoughtful attention and commentary on teaching and
learning.
While instructional coaching can serve as a great source of professional learning and
support, it has limitations. Teachers reported growing levels of efficacy as they co-planned, co121

taught, and received feedback from their instructional coach, but they also discussed areas of
math instruction where they did not feel confident, noting that they only knew “one way to
teach” certain concepts. Instructional coaching can provide great benefits for teachers and
students, but unless teachers can be grouped with coaches for extended periods of time, it must
be one component of a more comprehensive professional learning plan. Leveraging the
knowledge of a resident expert can help spark change in teacher efficacy and instruction, if it is
part of a larger model of ongoing, immersive, collaborative growth in a community of
professionals.
Implications for Future Research
While this study did not seek to examine professional relationships, it was clear that the
quality of the relationship between the coach and the teacher participants played a role in their
ability to collaborate and receive feedback from the coach. As an educator that had spent 18
years in the same school where this study took place, the instructional coach had cultivated
partnerships and developed a reputation with teachers over the course of several years. Future
studies might examine the perceptions of the coach-teacher relationship and its impact on teacher
efficacy. This could include the difference between relationships formed by coaches on school
staff in comparison to those formed by coaches performing contract services.
There is a fair amount of research on mathematics instructional coaching in elementary
and middle school schools but very little in secondary grades. Many high school teachers are
resistant to changing their instruction in ways that make them feel uncomfortable, while others
that claim to have changed their instruction are often found teaching in more traditional methods
(Obara, 2010). Secondary teaches often consider their expertise in content as the most important
component of their instruction and can be resistant to change because of their perceived
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expertise. However, content expertise does not always mirror expertise in pedagogy, creating
what is known as the expert blind spot (Nathan & Petrosino, 2003). Future studies might
examine instructional coaching in mathematics and the different coaching activities required to
create change in secondary teaching practice.
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APPENDIX A
MATHEMATICS PRACTICES - TEACHING EFFICACY AND EXPECTANCY
BELIEFS INSTRUMENT (MP-TEBI)
1. I know how to prepare students to consider the meanings of units used in different contexts.
2. Regardless of the teacher's instruction, students won't use available tools to investigate
problems on their own.
3. When a student commits an error in math, I am able to diagnose his/her conceptual errors.
4. Students at my grade level think concretely, and teachers can't be expected to teach them to
work with abstractions in mathematics.
5. I understand math concepts well enough to be effective in teaching math.
6. Increased effort in math teaching produces little change in some students' math achievement.
7. When students are given the opportunity to make their own generalizations, they end up more
confused than if the teacher teaches the mathematics directly.
8. Even a very skilled teacher cannot expect English Language Learners to attempt to understand
complex mathematics problems.
9. No matter how skilled the teacher, some students won't understand what quantities mean,
even if they can compute them.
10. I feel comfortable addressing students' questions about mathematical concepts and ideas.
11. Even a teacher with good math teaching abilities may not help some students learn math.
12. I am comfortable allowing my students to make their own approximations or simplifications
when approaching a real life problem.
13. I can easily integrate students' strategies and ideas into my math lessons even if they are
different from my lesson plan.
14. I know how to prepare students to plan their own approaches to solving problems.
15. I can develop students' ability to produce mathematics (e.g., a number sentence, expression
or equation) to model their own interpretation of a situation.
16. A teacher can be expected to help a student learn math despite his or her impoverished home
background.
17. Students who have low motivation for learning math can be turned on to learning by their
math teachers.
18. I am able to make sure my students can use materials to represent problems in multiple ways.
19. I can incorporate multiple representations into my lessons to improve student learning.
20. Seeing many different approaches to solve one problem confuses many students and hinders
their learning.
21. I can help students learn to work on their own to gather appropriate evidence to support their
mathematical ideas.
22. I can teach students to determine on their own which situations require an exact answer and
which require an estimate.
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23. I can teach my students to decompose and recombine numbers and expressions in different
ways depending on the context.
24. I feel comfortable teaching students to understand relationships between concepts of algebra
and concepts of arithmetic.
25. No matter what the teacher does, students can't seem to determine when an approximate
answer is appropriate.
26. I am comfortable helping my English language learners gain conceptual understanding of
mathematics.
27. I am comfortable letting my students struggle with a problem for which there is no
immediately obvious method of solution.
28. I can help students learn to see relationships between quantities.
29. I can teach students to make a habit of asking themselves whether their work makes sense.
30. I am comfortable analyzing and synthesizing different student approaches to a mathematics
problem to bring closure to a mathematical discussion.
31. I know how to develop students' ability to use the math they know to solve problems in
everyday life.
32. Even with appropriate instruction, most students rarely consider whether their math work
makes sense.
33. I am able to help students from impoverished backgrounds excel in math.
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APPENDIX B
ELEMENTARY TEACHER’S COMMITMENT TO MATHEMATICS EDUCATION
REFORM
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APPENDIX C
REFORM-ORIENTED TEACHER OBSERVATION PROTOCOL
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APPENDIX D
PARTICIPANT INFORMED CONSENT FORM
I, ____________________________, agree to participate in a research to examine the impact of
instructional coaching in mathematics on teacher self-efficacy and classroom instruction, and the
value of the collaborative instructional coaching model as a method of professional growth.
I understand that all teachers in Grades K-2 will have the opportunity to volunteer for this study,
but that only three teachers will be selected for participation in a 6-week coaching cycle. I
understand that my participation in this study is voluntary and may be revoked at any time. Data
collection for this study will be collected over the course of the 6-week coaching cycle through
one-on-one interviews with the researcher before and after the coaching cycle, participant
reflective questionnaires completed on a Google form at the end of every week, and classroom
observations conducted by the researcher throughout the coaching cycle.
I understand that the researcher has been trained in the research of human subjects, and that my
responses will be kept confidential. I understand that data collected through interviews and
feedback meetings following classrooms observations will be recorded and transcribed for
analysis. I also understand that my name will not be associated with this information, that this
data will be made accessible to me throughout the study, and that only the researcher/interviewer
will have access to the storage of this data. I understand there is no known risk to physical or
emotional wellness due to participation in this study, and that I may withdraw my participation at
any time by notifying the researcher in writing. Choosing not to participate in this study or
electing to withdraw from the study after consent will not affect my relationship with the
researcher, position with the school division where the study is conducted, or professional
connection to the College of William and Mary School of Education.
If I have any questions or problems of concern as a result of my participation, I may contact the
researcher, Jason Strong, by phone at (804)456-6380 or email at jrstrong@email.wm.edu. I may
also contact the dissertation chair for this study, Dr. Margaret Constantino by email at
meconstantino@wm.edu, or the chair of ERIRC, Dr. Tom Ward, by email at tjward@wm.edu.
My signature below signifies that I am at least 18 years old, that I have received a copy of this
consent form, and that I consent to participate in this research study.
______________________________
Signature of Participant

_______________
Date

______________________________
Signature of Researcher

_______________
Date

129

REFERENCES
Althauser, K. (2015). Job-embedded professional development: Its impact on teacher selfefficacy and student performance. Teacher Development, 19(2), 210-225.
https://doi.org/10.1080/13664530.2015.1011346
Antoniou, P., & Kyriakides, L. (2013). A dynamic integrated approach to teacher professional
development: Impact and sustainability of the effects on improving teacher behaviour and
student outcomes. Teaching & Teacher Education, 29, 1–12.
https://doi.org/10.1016/j.tate.2012.08.001
Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change.
Psychological Review, 84(2), 191–215. https://doi.org/10.1037/0033-295X.84.2.191
Bandura, A. (1993). Perceived self-efficacy in cognitive development and functioning.
Educational Psychologist, 28(2), 117. https://doi.org/10.1207/s15326985ep2802_3
Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman.
Bates, A., Latham, N., & Kim, J. (2013). Do I have to teach math? Early childhood pre-service
teachers’ fears of teaching mathematics. IUMPST. The Journal, 5, 1–10.
http://files.eric.ed.gov/fulltext/EJ1061105.pdf
Bay-Williams, J., & Kling, G. (2014). Enriching addition and subtraction fact mastery through
games. Teaching Children Mathematics, 21(4), 238-247.
https://d1flhocjjhj0v5.cloudfront.net/research/our_approach/Games_Article.pdf
Benders, D. S., & Craft, T. (2016). The effect of flexible small groups on math achievement in
first grade. Networks: An Online Journal for Teacher Research, 18(1), 1–9.
https://doi.org/10.4148/2470-6353.1022

130

Boston, M., Bostich, J., Lesseig, K., & Sherman, M. (2015). A comparison of mathematics
classroom observation protocols. Mathematics Teacher Educator 3(2), 154-174.
https://doi.org/10.5951/mathteaceduc.3.2.0154
Buczynski, S., & Hansen, C. B. (2010). Impact of professional development on teacher practice:
Uncovering connections. Teaching & Teacher Education, 26(3), 599–607.
https://doi.org/10.1016/j.tate.2009.09.006
Burrill, G. (2001). Mathematics education: The future and the past create a context for today's
issues. In T. Loveless (Ed.), The great curriculum debate: How should we teach reading
and math? (pp. 25–41). Brookings Institution Press.
Bursal, M., & Paznokas, L. (2006). Mathematics anxiety and preservice elementary teachers'
confidence to teach mathematics and science. School Science & Mathematics, 106(4), 173180. https://doi.org/10.1111/j.1949-8594.2006.tb18073.x
Cady, J. A., & Rearden, K. (2007). Pre-service teachers' beliefs about knowledge, mathematics,
and science. School Science & Mathematics, 107(6), 237-245.
https://doi.org/10.1111/j.1949-8594.2007.tb18285.x
Campbell, P. (2012). Coaching and elementary mathematics specialists: Findings from research.
In J. Bay-Williams & W.R. Speer (Eds.), Professional collaborations in mathematics
teaching and learning: Seeking success for all (74th yearbook, pp. 147-159). National
Council of Teachers of Mathematics.
Campbell, P., & Malkus, N. (2011). The impact of elementary mathematics coaches on student
achievement. The Elementary School Journal, 111, 430–454.
https://doi.org/10.1086/657654

131

Chester, M., & Beaudin, B. (1996). Efficacy beliefs of newly hired teachers in urban schools.
American Educational Research Journal, 33, 233-257.
https://doi.org/10.3102/00028312033001233
Clarke, A.E. (2005). Situational analysis: Grounded theory after the postmodern turn. Sage
Publications.
Clements, D., & Sarama, J. (2009). Learning and teaching early math: The learning trajectories
approach. Routledge.
Colburn, W. (1822). First lessons in arithmetic on the plan of Pestalozzi (2nd ed.). Cummings
and Hilliard.
https://babel.hathitrust.org/cgi/pt?id=hvd.32044096990668&view=1up&seq=9&skin=2021
Coleman, L. (2020). Deeper discussions in math add up: Getting students to think--and talk--like
mathematicians. Educational Leadership, 77(7), 58–62.
http://68.77.48.18/RandD/Educational%20Leadership/Deeper%20Discussions%20in%20Ma
th%20Add%20Up%20-%20EL.pdf
Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and mixed
methods approaches (5th ed.). Sage Publications.
Darling-Hammond, L., Hyler, M. E., & Gardner, M. (2017). Effective teacher professional
development. Learning Policy Institute.
Darling-Hammond, L., & Richardson, N. (2009). Teacher learning: What matters? Educational
Leadership, 66(5), 46–53.
https://www.researchgate.net/publication/287590851_Teacher_Learning_What_Matters
Dash, S., Magidin de Kramer, R., O’Dwyer, L. M., Masters, J., & Russell, M. (2012). Impact of
online professional development or teacher quality and student achievement in fifth grade
132

mathematics. Journal of Research on Technology in Education, 45(1), 1–26.
https://doi.org/10.1080/15391523.2012.10782595
Ebby, C. (2000). Learning to teach mathematics differently: The interaction between coursework
and fieldwork for preservice teachers. Journal of Mathematics Teacher Education, 3(1), 69–
97. https://doi.org/10.1023/A:1009969527157
Elek, C. , & Page, J. (2019). Critical features of effective coaching for early childhood educators:
a review of empirical research literature. Professional Development in Education, 45(4),
567–585. https://doi.org/10.1080/19415257.2018.1452781
Ellis, M., & Berry, I., (2005). The paradigm shift in mathematics education: Explanations and
implications of reforming conceptions of teaching and learning. Mathematics Educator,
15(1), 7-17. https://files.eric.ed.gov/fulltext/EJ845843.pdf
Flynn, M. (2016). Beyond answers: Exploring mathematical practices with young children.
Stenhouse Publishers.
Frykholm, J. (1996). Pre-service teachers in mathematics: Struggling with the standards.
Teaching and Teacher Education, 12(6), 665-681. https://doi.org/10.1016/S0742051X(96)00010-8
Fuson, K., & Murata, A. (2007). Integrating NRC Principles and the NCTM Process Standards to
form a class learning path model that individualizes within whole-class activities. National
Council of Supervisors of Mathematics Journal of Mathematics Education Leadership
10(1), 72-91. https://b71f3fb5-368e-4168-a0cbf3a90cc6d433.filesusr.com/ugd/512a9b_96e66f02195f49da909ce362661a9625.pdf

133

Geist, E. (2010). The anti-anxiety curriculum: Combating math anxiety in the classroom. Journal
of Instructional Psychology, 37(1), 24–31.
https://eric.ed.gov/?redir=http%3a%2f%2fwww.projectinnovation.biz%2fjip_2006.html
Gibbons, L. K., & Cobb, P. (2016). Content-focused coaching: Five key practices. The
Elementary School Journal, 117(2), 237-260. https://doi.org/10.1086/688906
Gibson, S., & Dembo, M. (1984). Teacher efficacy: A construct validation. Journal of
Educational Psychology, 76(4), 569-582. https://psycnet.apa.org/doi/10.1037/00220663.76.4.569
Gilles, C., Wilson, J., & Elias, M. (2010). Sustaining teachers’ growth and renewal through
action research, induction programs and collaboration. Teacher Education Quarterly 37, 91–
108. http://files.eric.ed.gov/fulltext/EJ872651.pdf
Goddard, R. D. (2001). Collective efficacy: A neglected construct in the study of schools and
student achievement. Journal of Educational Psychology, 93(3), 467-476.
https://psycnet.apa.org/doi/10.1037/0022-0663.93.3.467
Goddard, R. D., Hoy, W. K., & Woolfolk-Hoy, A. (2000). Collective teacher efficacy: Its
meaning, measure, and impact on student achievement. American Educational Research
Journal, 37(2), 479-507. https://doi.org/10.3102/00028312037002479
Goddard, R., Goddard, Y., Sook Kim, E., & Miller, R. (2015). A theoretical and empirical
analysis of the roles of instructional leadership, teacher collaboration, and collective efficacy
beliefs in support of student learning. American Journal of Education, 121(4), 501–530.
https://doi.org/10.1086/681925
Gresham, G. (2007). A study of mathematics anxiety in pre-service teachers. Early Childhood
Education Journal, 35(2), 181–188. https://psycnet.apa.org/doi/10.1007/s10643-007-0174-7
134

Gresham, G. (2010). A review of a study exploring changes in exceptional education pre-service
teachers’ mathematics anxiety. Issues in the Undergraduate Mathematics Preparation of
School Teachers: The Journal, 4, 1–14. http://www.k12prep.math.ttu.edu/journal/4.curriculum/gresham01/article.pdf
Gresham, G., & Burleigh, C. (2019). Exploring early childhood preservice teachers' mathematics
anxiety and mathematics efficacy beliefs. Teaching Education, 30(2), 217-241.
https://doi.org/10.1080/10476210.2018.1466875
Gulistan, M., Hussain, M. A., & Mushtaq, M. (2017). Relationship between mathematics
teachers’ self-efficacy and students’ academic achievement at secondary level. Bulletin of
Education and Research, 39(3), 171. https://files.eric.ed.gov/fulltext/EJ1210137.pdf
Guskey, T. (1984). Staff development and the process of teacher change. Educational Research,
15(5), 41–47. https://doi.org/10.3102%2F0013189X015005005
Guskey, T. (2003). What makes professional development effective? Phi Delta Kappan, 84(10),
748-750. https://doi.org/10.1177%2F003172170308401007
Guthrie, G. (2010). Basic research methods: An entry to social science research. SAGE.
Hansen, P.M. (2016). The mathematics coaching handbook: Working with K-8 teachers to
improve instruction (2nd ed.). Routledge, Taylor & Francis Group.
Hattie, J. (2012). Visible learning for teachers: Maximizing impact on learning. Routledge.
Hattie, J., Fisher, D., & Frey, N. (2017). Visible learning for mathematics: What works best to
optimize student learning. Corwin Mathematics.
Hoy, W. K., Tarter, J.C., & Woolfolk Hoy, A. (2006). Academic optimism of schools: A force
for student achievement. American Educational Research Journal (43)3, 425–446.
https://doi.org/10.3102%2F00028312043003425
135

Hufferd-Ackles, K., Fuson, K. C., & Sherin, M. G. (2004). Describing levels and components of
a math-talk learning community. Journal for Research in Mathematics Education, 35(2),
81–116. https://www.jstor.org/stable/30034933
Johnson, B., & Vandersandt, S. (2011). "Math makes me sweat" The impact of pre-service
courses on mathematics anxiety. Issues in the Undergraduate Mathematics Preparation of
School Teachers, 5, 1-8. http://www.k12prep.math.ttu.edu/journal/5.attributes/vandersandt01/article.pdf
Jones, P. S., & Coxford, A. F., Jr. (Eds.). (1970). A history of mathematics education in the
United States and Canada (32nd Yearbook). National Council of Teachers of Mathematics.
Kelly, W. P., & Tomhave, W.K. (1985). A study of math anxiety/avoidance in preservice
elementary teachers. Arithmetic Teacher, 32(5), 51-52.
https://www.jstor.org/stable/41192533
Knight, J. (2007). Instructional coaching: A partnership approach to improving instruction.
Corwin Press.
Knowles, M. S. (1975). Adult education: New dimensions. Educational Leadership, 33(2), 8588.
Kroesbergen, E. H., & van Luit, J. E. H. (2002). Teaching multiplication to low math performers:
Guided versus structured instruction. Instructional Science, 30(5), 361–378.
https://doi.org/10.1023/A:1019880913714
la Velle, L. (2020). Professional knowledge communities of practice: Building teacher selfefficacy. Journal of Education for Teaching, (46)5, 613-615.
https://doi.org/10.1080/02607476.2020.1863103

136

Larson, M. (2016). A brief history of mathematics education: Lessons for today [PowerPoint
Slides].
https://www.nctm.org/uploadedFiles/About/President,_Board_and_Committees/Board_Mat
erials/MLarson-SF-NCTM-4-16.pdf
Liu, J., & Xin, Y. P. (2017). Eliciting repair of mathematics explanations of students with
learning disabilities. Learning Disability Quarterly, 40, 132–145.
https://doi.org/10.1177%2F0731948716657496
Martin, C., Algozzine, R., Mraz, M., & Polly, D. (2019). Examining focus, duration, and
classroom impact of literacy and mathematics professional development. Teacher
Development, 23(1), 1-17. https://doi.org/10.1080/13664530.2018.1530695
Mertler, C. (2017). Action research: Improving schools and empowering educators (5th ed.).
Sage Publications. https://dx.doi.org/10.4135/9781483396484
Mertens, D. & Wilson, A. (2012). Program evaluation theory and practice: A comprehensive
guide. The Guilford Press.
Nathan, M. J., & Petrosino, A. (2003). Expert blind spot among preservice teachers. American
Educational Research Journal, 40(4), 905–928.
http://dx.doi.org/10.3102/00028312040004905
National Council of Teachers of Mathematics. (1989). Curriculum and evaluation standards for
school mathematics.
National Council of Teachers of Mathematics. (1991). Professional standards for teaching
mathematics.
National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics.
137

National Council of Teachers of Mathematics. (2014). Principles to actions: Ensuring
mathematical success for all.
Newton, K. J., Leonard, J., Evans, B. R., & Eastburn, J. A. (2012). Preservice elementary
teachers’ mathematics content knowledge and teacher efficacy. School Science &
Mathematics, 112(5), 289–299. http://dx.doi.org/10.1111/j.1949-8594.2012.00145.x
Neumann, M. (2014). Mathematics teaching: Listening, probing, interpreting and responding to
children’s thinking. Investigations in Mathematics Learning 6(3), 1-28.
https://files.eric.ed.gov/fulltext/EJ1052933.pdf
Obara, S. (2010). Mathematics coaching: a new kind of professional development. Teacher
Development, 14(2), 241–251. http://dx.doi.org/10.1080/13664530.2010.494504
Parsons, R.D., & Brown, K.S. (2002). Teacher as reflective practitioner and action researcher.
Wadsworth/Thompson Learning.
Piburn, M., Sawada, D., Falconer, K., Turley, J. Benford, R., & Bloom, I. (2000). Reformed
Teaching Observation Protocol (RTOP): Reference manual (ACEPT IN-003).
http://physicsed.buffalostate.edu/AZTEC/rtop/RTOP_full/PDF/RTOP_ref_man_IN003.pdf
Polly, D., McGee, J., Wang, C., Martin, C., Lambert, R., & Pugalee, D. K. (2015). Linking
professional development, teacher outcomes, and student achievement: The case of a
learner-centered mathematics program for elementary school teachers. International Journal
of Education Research, 72, 26–37. http://dx.doi.org/10.1016/j.ijer.2015.04.002
Ponterotto, J.G. (2005). Qualitative research in counselling psychology: A primer on research
paradigms and philosophy of science. Journal of Counselling Psychology, 52(2), 126-136.
http://dx.doi.org/10.1037/0022-0167.52.2.126

138

Raymond, A.M. & Santos, V. (1995). Preservice elementary teachers and self-reflection: How
innovation in mathematics teacher preparation challenges mathematics beliefs. Journal of
Teacher Education, 46(1), 58–70. https://doi.org/10.1177%2F0022487195046001010
Research Advisory Committee of the National Council of Teachers of Mathematics. (1988).
NCTM curriculum and evaluation standards for school mathematics: Responses from the
research community. Journal for Research in Mathematics Education, 19(4), 338-344.
https://doi.org/10.2307/749544
Ridge, B. L., & Lavigne, A. L. (2020). Improving instructional practice through peer observation
and feedback. Education Policy Analysis Archives, 55–64, 1–28.
http://dx.doi.org/10.14507/epaa.28.5023
Riggs, I. M., & Enochs, L. G. (1990). Toward the development of an elementary teacher’s
science teaching efficacy belief instrument. Science Education, 74(6), 625–637.
https://doi.org/10.1002/sce.3730740605
Riggs, I. M., Fischman, D. D., Riggs, M. L., Jetter, M. E., & Jesunathadas, J. (2018). Measuring
teachers’ beliefs in relation to teaching mathematics with mathematical practices in mind.
School Science & Mathematics, 118(8), 385–395. https://doi.org/10.1111/ssm.12303
Ritchie, S. J., & Bates, T. C. (2013). Enduring links from childhood mathematics and reading
achievement to adult socioeconomic status. Psychological Science, 24(7), 1301–1308.
https://doi.org/10.1177/0956797612466268
Ross, J., McDougall, D., Hogaboam-Gray, A. & LeSage, A. (2003). A survey measuring
elementary teachers' implementation of standards-based mathematics teaching. Journal for
Research in Mathematics Education, 34(4), 344-363. https://doi.org/10.2307/30034787
Saldaña, J. (2016). The coding manual for qualitative researchers (5th ed.). Sage Publications.
139

Sawada, D., Piburn, M. D., Judson, E., Turley, J., Falconer, K., Benford, R., & Bloom, I. (2002).
Measuring reform practices in science and mathematics classrooms: The Reformed
Teaching Observation Protocol. School Science & Mathematics, 102(6), 245.
https://doi.org/10.1111/j.1949-8594.2002.tb17883.x
Schipper, T. M., de Vries, S., Goei, S. L., & van Veen, K. (2020). Promoting a professional
school culture through lesson study? An examination of school culture, school conditions,
and teacher self-efficacy. Professional Development in Education, 46(1), 112–129.
https://doi.org/10.1080/19415257.2019.1634627
Schoenfeld, A. (2002). Making mathematics work for all children: Issues of standards, testing,
and equity. Educational Researcher, 31(1), 13-25.
http://www.jstor.org.proxy.wm.edu/stable/3594305
Sherin, M. (2002). When teaching becomes learning. Cognition and Instruction, 20(2), 119–150.
http://dx.doi.org/10.1207/S1532690XCI2002_1
Shidler, L. (2009). The impact of time spent coaching for teacher efficacy on student
achievement. Early Childhood Education Journal, 36(5), 453-460.
https://doi.org/10.1007/s10643-008-0298-4
Showers, B., & Joyce, B. (1996). The evolution of peer coaching. Educational Leadership,
53(6), 12–16. https://www.ascd.org/el/articles/the-evolution-of-peer-coaching
Spelman, M., Bell, D., Thomas, E., & Briody, J. (2016). Combining professional development &
instructional coaching to transform the classroom environment in PreK-3 classrooms.
https://www.nu.edu/wp-content/uploads/2018/11/journal-of-research-in-innovativeteaching-volume-9.pdf Journal of Research in Innovative Teaching, 9(1), 30–46.

140

Stanic, G. M. A., & Kilpatrick, J. (2003). A history of school mathematics. National Council of
Teachers of Mathematics. https://www.nctm.org/Store/Products/A-History-of-SchoolMathematics-(Two-Volume-Set)/
Stein, C. C. (2007). Let’s talk. Mathematics Teacher, 101(4), 285–289.
https://www.jstor.org/stable/20876113
Sweeney, D. & Mausbach, A. (2018). Leading student-centered coaching: Building principal
and coach partnerships. Corwin.
Tatto, M., & Senk, S. (2011). The mathematics education of future primary and secondary
teachers: Methods and findings from the teacher education and development study in
mathematics. Journal of Teacher Education, 62(2), 121–137.
https://doi.org/10.1177%2F0022487110391807
Thames, M. H., & Ball, D. L. (2013). Making progress in U.S. mathematics education: Lessons
learned – Past, present, and future. In K. R. Leatham (Ed.), Vital directions for mathematics
education research (pp. 15-43). Springer.
Trujillo, K. & Hadfield, O. (1999). Tracing the roots of mathematics anxiety through in-depth
interviews with preservice elementary teachers. College Student Journal 33(2), 219-233.
https://link.gale.com/apps/doc/A62839422/AONE?u=anon~9b756f6f&sid=googleScholar&
xid=efe21e36
Tschannen-Moran, M., & McMaster, P. (2009). Sources of self-efficacy: Four professional
development formats and their relationship to self-efficacy and implementation of a new
teaching strategy. Elementary School Journal, 110(2), 228-248.
http://dx.doi.org/10.1086/605771

141

Tschannen-Moran, M., & Woolfolk Hoy, A. (2007). The differential antecedents of self-efficacy
beliefs of novice and experienced teachers. Teaching and Teacher Education, 23(6), 944–
956. http://dx.doi.org/10.1016/j.tate.2006.05.003
Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W. K. (1998). Teacher efficacy: Its meaning
and measure. Review of Educational Research, 68(2), 202-248.
https://doi.org/10.3102%2F00346543068002202
U.S. Census Bureau. (2018). Quick facts Richmond County, Virginia; United States.
https://www.census.gov/quickfacts/fact/table/richmondcountyvirginia,US/PST045218
Utley, J., Moseley, C., & Bryant, R. (2005). Relationship between science and mathematics
teaching efficacy of preservice elementary teachers. School Science and Mathematics,
105(2), 82–87. http://dx.doi.org/10.1111/j.1949-8594.2005.tb18040.x
Virginia Employment Commission. (2019). Virginia community profile: Richmond County.
https://virginiaworks.com/Portals/200/Local%20Area%20Profiles/5104000159.pdf
Wei, R. C., Adamson, F., & Darling-Hammond, L. (2010). Professional development in the
United States: Trends and challenges. Phase II of a Three-Phase study [Executive
Summary, Vol. 28]. National Staff Development Council.
https://edpolicy.stanford.edu/sites/default/files/publications/professional-developmentunited-states-trends-and-challenges.pdf
Wenig, H. (2016). 6 x 7 = Yikes! Coaching teachers past their math anxiety. Exchange, 227, 63–
65. http://www.childcareexchange.com/article/6-x-7--yikes!-coaching-teachers-past-theirmath-anxiety/5022763/

142

Wilson, S. (2013). Investigating rural pre-service teachers’ mathematics anxiety using the
revised mathematics anxiety scale (RMARS). Australian and International Journal of Rural
Education, 23(3), 1–11. https://files.eric.ed.gov/fulltext/ED573402.pdf
Zager, T. J. (2017). Becoming the math teacher you wish you'd had. Stenhouse Publishers.
Zambo, R. & Zambo, D. (2008). The impact of professional development in mathematics on
teachers' individual and collective efficacy: The stigma of underperforming. Teacher
Education Quarterly, 35(1), 159-168. https://www.jstor.org/stable/23479036

143

VITA
Jason Robert Strong
Education:

Experience:

2018-2021

William & Mary
Williamsburg, Virginia
Doctor of Education
Educational Policy, Planning & Leadership

2006-2010

Virginia Commonwealth University
Richmond, Virginia
Master of Education
Supervision and Administration

1998-2003

University of Nebraska
Lincoln, Nebraska
Bachelor of Science
Secondary English Education

2015-present

Principal
RCEM

2011-2015

Assistant Principal
Rappahannock High School

2003-2011

English Teacher
Richmond County Intermediate School

144

